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APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 21-22, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on May 21, 2019, at 
approximately 0618 hours and lasted intermittently, until May 22, 2019, at 
approximately 1709 hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 11.7 tons (~23,400 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  







 


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
 
Response:  


 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 
consistent with minimizing the duration and emissions from the Incident.  


    
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 


of that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 21-22, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


May 21, 2019 Time: ~ 0618 hours 


Incident End 
Date: 


May 22, 2019 Time:  ~ 1709 hours 


Investigation 
Start Date: 


May 21, 2019 
Incident 
Duration: 


1,219 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 23,400 tons: 11.7 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


5/21-22/2019 0618-1709 hours^ 1,219 HP Flare (SN-822) 
^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Danny Smeltzer Operations Area 2 Manager  
2. Lance LaLonde Reliability Engineer II 
3. Alex Hulsey Environmental Specialist 
4. Steven Jackson Area 2 Inspector 


 
 
Incident Date, Time, & Emissions: 
 
On May 21, 2019, emissions associated with this hydrocarbon flaring incident began at 
approximately 0618 hours and occurred intermittently from the High Pressure (HP) Flare 
(Emission Source Number SN-822) until May 22, 2019 at approximately 1709 hours.  During this 
period, the El Dorado Refinery (EDR) released approximately 23,400 lbs (11.7 tons) of sulfur 
dioxide (SO2) emissions based on the equations presented in the Consent Decree for determining 
SO2 releases from hydrocarbon (HC) flaring.  The initial investigation of this incident commenced 
on May 21, 2019. 
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (May 21-22, 2019) 
Investigation and Root Cause 
 
 
Investigation and Analysis: 
 
On May 21, 2019, at approximately 0600 hours, the HP Flare Gas Recovery Unit (FGRU) South 
Compressor was taken offline for planned maintenance work to replace the Compressor.  In an 
attempt to isolate the South Compressor from the process, it was discovered that the suction valve 
would not hold.  During the shutdown of the South Compressor, Operations also identified faulty 
impellers on the HP FGRU Middle Compressor; consequently, the flare gas could not be 
recovered.  With both the HP FGRU South Compressor and Middle Compressor down, the North 
Compressor could not sustain the increased flare gas load which resulted in a HP flaring event.  
Due to discovery work during this short outage, Maintenance replaced a faulty operating liquid 
valve on the Middle Compressor and a block valve downstream of the FGRU. 
 
While the Maintenance activities were being conducted on the FGRU HP Compressors, the #8 
Diesel Hydrotreater (DHT) Unit experienced a piping failure at approximately 0128 hours on May 
22, 2019, which led to an emergency process unit shutdown and an intermittent hydrocarbon 
flaring event.  The process unit pressure was safely reduced following standard operating 
procedures to minimize flaring to the HP flare system.  It was determined the piping failure was 
due to improperly designed injection quill nozzles.  Maintenance activities to repair the piping and 
install new injection quills were completed in a short outage period and the DHT was safely placed 
back in service.  
 
Although the root causes of these incidents are different, they occurred concurrently; therefore, 
both hydrocarbon flaring events are considered as one consolidated incident and being included in 
the same root cause report. 
 
Root Causes: 
    
The HP FGRU South Compressor was taken offline to replace the compressor.  The Middle 
Compressor impellers were faulty and unable to recover flare gas.  This impacted the recovery 
capabilities of the HP FGRU North Compressor, which resulted in intermittent hydrocarbon 
flaring. 
 
The DHT Unit piping failure was due to an improperly designed injection quill nozzle that caused 
water wash to impinge on the opposing surface of the pipe; therefore, accelerating corrosion and 
localized thinning. 
 
  







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (May 21-22, 2019) 
Investigation and Root Cause 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


HP FGRU - Maintenance and 
Operations to develop a work plan 


procedure for maintenance activities 
at the HP and LP FGRU skids in 


order to reduce unit downtime and 
reduce flare system loading. 


Tony Hooks Production 
Superintendent 


6/10/19 6/13/19 


#8 DHT - Maintenance to replace 
damaged piping and install new 


injection quill.   


Lance 
LaLonde 


Reliability 
Engineer II 


5/21/19 5/26/19 


#8 DHT - Inspections to increase the 
monitoring frequency of the piping. 


Steven 
Jackson Area 2 Inspector 7/8/19 


7/8/19 
(Ongoing) 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(May 21-22, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


High Pressure Flare (SN-822) 11.7 


Event (Total) ~ 11.7 


Average SO2 
Emission Rate 


(lb/hr) 


High Pressure Flare (SN-822) 1,153.2 


Event (Total) 1,153.2 


 
 
The data that supports the event overview table above is as follows for the High Pressure Flare 
(SN-822). 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


5/21/2019 6:18 AM 2470.88 0.58 0.00120 2.40108 
5/21/2019 6:19 AM 4762.58 0.58 0.00231 4.62804 
5/21/2019 6:20 AM 4775.85 0.58 0.00232 4.64093 
5/21/2019 6:21 AM 4781.16 0.58 0.00232 4.64609 
5/21/2019 6:22 AM 4779.69 0.58 0.00232 4.64467 
5/21/2019 6:23 AM 4752.41 0.58 0.00231 4.61816 
5/21/2019 6:24 AM 4764.81 0.58 0.00231 4.63020 
5/21/2019 6:25 AM 4777.78 0.58 0.00232 4.64281 
5/21/2019 6:26 AM 4801.17 0.58 0.00233 4.66554 
5/21/2019 6:27 AM 4760.15 0.58 0.00231 4.62567 
5/21/2019 6:28 AM 4761.70 0.58 0.00231 4.62718 
5/21/2019 6:29 AM 4778.90 0.58 0.00232 4.64390 
5/21/2019 6:30 AM 4771.41 0.58 0.00232 4.63662 
5/21/2019 6:31 AM 4759.01 0.58 0.00231 4.62457 
5/21/2019 6:32 AM 4776.11 0.58 0.00232 4.64118 
5/21/2019 6:33 AM 4784.30 0.58 0.00232 4.64914 
5/21/2019 6:34 AM 4730.48 0.58 0.00230 4.59684 
5/21/2019 6:35 AM 4737.75 0.58 0.00230 4.60391 







5/21/2019 6:36 AM 4737.67 0.58 0.00230 4.60384 
5/21/2019 6:37 AM 4751.57 0.58 0.00231 4.61734 
5/21/2019 6:38 AM 4713.69 0.58 0.00229 4.58053 
5/21/2019 6:39 AM 4785.40 0.58 0.00232 4.65021 
5/21/2019 6:40 AM 4750.38 0.58 0.00231 4.61618 
5/21/2019 6:41 AM 4713.80 0.58 0.00229 4.58064 
5/21/2019 6:42 AM 4784.94 0.58 0.00232 4.64977 
5/21/2019 6:43 AM 4771.70 0.58 0.00232 4.63690 
5/21/2019 6:44 AM 4764.94 0.58 0.00231 4.63033 
5/21/2019 6:45 AM 4784.67 0.58 0.00232 4.64951 
5/21/2019 6:46 AM 4823.47 0.58 0.00234 4.68720 
5/21/2019 6:47 AM 4829.47 0.58 0.00234 4.69304 
5/21/2019 6:48 AM 4772.94 0.58 0.00232 4.63811 
5/21/2019 6:49 AM 4732.52 0.58 0.00230 4.59883 
5/21/2019 6:50 AM 4750.81 0.58 0.00231 4.61660 
5/21/2019 6:51 AM 4766.79 0.58 0.00231 4.63213 
5/21/2019 6:52 AM 4731.43 0.58 0.00230 4.59776 
5/21/2019 6:53 AM 4723.54 0.58 0.00229 4.59010 
5/21/2019 6:54 AM 4693.73 0.58 0.00228 4.56113 
5/21/2019 6:55 AM 4746.94 0.58 0.00230 4.61284 
5/21/2019 6:56 AM 4748.93 0.58 0.00230 4.61477 
5/21/2019 6:57 AM 4719.14 0.58 0.00229 4.58582 
5/21/2019 6:58 AM 4802.32 0.58 0.00233 4.66665 
5/21/2019 6:59 AM 4783.38 0.58 0.00232 4.64825 
5/21/2019 7:00 AM 4739.49 0.58 0.00230 4.60560 
5/21/2019 7:01 AM 4777.02 0.58 0.00232 4.64207 
5/21/2019 7:02 AM 4724.95 0.58 0.00229 4.59147 
5/21/2019 7:03 AM 4693.46 0.58 0.00228 4.56087 
5/21/2019 7:04 AM 4724.51 0.58 0.00229 4.59105 
5/21/2019 7:05 AM 4736.18 0.58 0.00230 4.60239 
5/21/2019 7:06 AM 4767.12 0.58 0.00231 4.63245 
5/21/2019 7:07 AM 4725.96 0.58 0.00229 4.59245 
5/21/2019 7:08 AM 4740.07 0.58 0.00230 4.60616 
5/21/2019 7:09 AM 4752.91 0.58 0.00231 4.61864 
5/21/2019 7:10 AM 4731.58 0.58 0.00230 4.59791 
5/21/2019 7:11 AM 4737.03 0.58 0.00230 4.60321 
5/21/2019 7:12 AM 4729.07 0.58 0.00230 4.59547 
5/21/2019 7:13 AM 4752.98 0.58 0.00231 4.61870 
5/21/2019 7:14 AM 4745.96 0.58 0.00230 4.61189 
5/21/2019 7:15 AM 4774.13 0.58 0.00232 4.63926 
5/21/2019 7:16 AM 4729.32 0.58 0.00230 4.59571 
5/21/2019 7:17 AM 4727.12 0.58 0.00229 4.59358 
5/21/2019 7:18 AM 4776.96 0.58 0.00232 4.64201 
5/21/2019 7:19 AM 4777.78 0.58 0.00232 4.64281 
5/21/2019 7:20 AM 4742.22 0.58 0.00230 4.60825 
5/21/2019 7:21 AM 4728.31 1.53 0.00611 12.22600 
5/21/2019 7:22 AM 4745.00 1.53 0.00613 12.26914 







5/21/2019 7:23 AM 4727.63 1.53 0.00610 12.22422 
5/21/2019 7:24 AM 4772.68 1.53 0.00616 12.34072 
5/21/2019 7:25 AM 4791.48 1.53 0.00619 12.38933 
5/21/2019 7:26 AM 4719.94 1.53 0.00609 12.20435 
5/21/2019 7:27 AM 4699.93 1.53 0.00607 12.15261 
5/21/2019 7:28 AM 4708.08 1.53 0.00608 12.17369 
5/21/2019 7:29 AM 4711.96 1.53 0.00608 12.18371 
5/21/2019 7:30 AM 4734.43 1.53 0.00611 12.24181 
5/21/2019 7:31 AM 4736.08 1.53 0.00612 12.24608 
5/21/2019 7:32 AM 4757.48 1.53 0.00614 12.30142 
5/21/2019 7:33 AM 4727.02 1.53 0.00610 12.22267 
5/21/2019 7:34 AM 4737.11 1.53 0.00612 12.24876 
5/21/2019 7:35 AM 4732.90 1.53 0.00611 12.23787 
5/21/2019 7:36 AM 4754.96 1.53 0.00614 12.29489 
5/21/2019 7:37 AM 4755.96 1.53 0.00614 12.29750 
5/21/2019 7:38 AM 4743.40 1.53 0.00613 12.26501 
5/21/2019 7:39 AM 4728.51 1.53 0.00611 12.22652 
5/21/2019 7:40 AM 4688.76 1.53 0.00605 12.12371 
5/21/2019 7:41 AM 4762.56 1.53 0.00615 12.31455 
5/21/2019 7:42 AM 4732.46 1.53 0.00611 12.23672 
5/21/2019 7:43 AM 4725.06 1.53 0.00610 12.21759 
5/21/2019 7:44 AM 4737.35 1.53 0.00612 12.24937 
5/21/2019 7:45 AM 4744.78 1.53 0.00613 12.26857 
5/21/2019 7:46 AM 4781.91 1.53 0.00617 12.36459 
5/21/2019 7:47 AM 4772.89 1.53 0.00616 12.34127 
5/21/2019 7:48 AM 4735.92 1.53 0.00612 12.24568 
5/21/2019 7:49 AM 4741.66 1.53 0.00612 12.26051 
5/21/2019 7:50 AM 4731.42 1.53 0.00611 12.23403 
5/21/2019 7:51 AM 4724.29 1.53 0.00610 12.21558 
5/21/2019 7:52 AM 4728.58 1.53 0.00611 12.22670 
5/21/2019 7:53 AM 4772.56 1.53 0.00616 12.34042 
5/21/2019 7:54 AM 4767.44 1.53 0.00616 12.32716 
5/21/2019 7:55 AM 4723.99 1.53 0.00610 12.21482 
5/21/2019 7:56 AM 4716.13 1.53 0.00609 12.19449 
5/21/2019 7:57 AM 4691.02 1.53 0.00606 12.12957 
5/21/2019 7:58 AM 4719.54 1.53 0.00609 12.20331 
5/21/2019 7:59 AM 4732.18 1.53 0.00611 12.23599 
5/21/2019 8:00 AM 4732.20 1.53 0.00611 12.23605 
5/21/2019 8:01 AM 4726.93 1.53 0.00610 12.22242 
5/21/2019 8:02 AM 4699.24 1.53 0.00607 12.15083 
5/21/2019 8:03 AM 4697.17 1.53 0.00607 12.14546 
5/21/2019 8:04 AM 4737.51 1.53 0.00612 12.24979 
5/21/2019 8:05 AM 4754.84 1.53 0.00614 12.29459 
5/21/2019 8:06 AM 4709.33 1.53 0.00608 12.17691 
5/21/2019 8:07 AM 4699.67 1.53 0.00607 12.15195 
5/21/2019 8:08 AM 4717.64 1.53 0.00609 12.19839 
5/21/2019 8:09 AM 4712.70 1.53 0.00609 12.18563 







5/21/2019 8:10 AM 4734.09 1.53 0.00611 12.24094 
5/21/2019 8:11 AM 4708.30 1.53 0.00608 12.17424 
5/21/2019 8:12 AM 4715.72 1.53 0.00609 12.19344 
5/21/2019 8:13 AM 4698.52 1.53 0.00607 12.14895 
5/21/2019 8:14 AM 4674.00 1.53 0.00604 12.08556 
5/21/2019 8:15 AM 4681.35 1.53 0.00605 12.10457 
5/21/2019 8:16 AM 4666.37 1.53 0.00603 12.06583 
5/21/2019 8:17 AM 4679.92 1.53 0.00604 12.10087 
5/21/2019 8:18 AM 4703.45 1.53 0.00607 12.16172 
5/21/2019 8:19 AM 4696.43 1.53 0.00606 12.14357 
5/21/2019 8:20 AM 4714.68 1.53 0.00609 12.19075 
5/21/2019 8:21 AM 4690.27 0.05 0.00021 0.42011 
5/21/2019 8:22 AM 4725.22 0.05 0.00021 0.42324 
5/21/2019 8:23 AM 4755.49 0.05 0.00021 0.42595 
5/21/2019 8:24 AM 4723.12 0.05 0.00021 0.42305 
5/21/2019 8:25 AM 4721.01 0.05 0.00021 0.42286 
5/21/2019 8:26 AM 4736.23 0.05 0.00021 0.42422 
5/21/2019 8:27 AM 4702.41 0.05 0.00021 0.42120 
5/21/2019 8:28 AM 4774.35 0.05 0.00021 0.42764 
5/21/2019 8:29 AM 4724.02 0.05 0.00021 0.42313 
5/21/2019 8:30 AM 4709.73 0.05 0.00021 0.42185 
5/21/2019 8:31 AM 4677.88 0.05 0.00021 0.41900 
5/21/2019 8:32 AM 4662.93 0.05 0.00021 0.41766 
5/21/2019 8:33 AM 4659.82 0.05 0.00021 0.41738 
5/21/2019 8:34 AM 4673.26 0.05 0.00021 0.41858 
5/21/2019 8:35 AM 4688.37 0.05 0.00021 0.41994 
5/21/2019 8:36 AM 4731.84 0.05 0.00021 0.42383 
5/21/2019 8:37 AM 4672.58 0.05 0.00021 0.41852 
5/21/2019 8:38 AM 4658.51 0.05 0.00021 0.41726 
5/21/2019 8:39 AM 4670.81 0.05 0.00021 0.41836 
5/21/2019 8:40 AM 4673.57 0.05 0.00021 0.41861 
5/21/2019 8:41 AM 4713.07 0.05 0.00021 0.42215 
5/21/2019 8:42 AM 4726.67 0.05 0.00021 0.42337 
5/21/2019 8:43 AM 4705.52 0.05 0.00021 0.42147 
5/21/2019 8:44 AM 4702.18 0.05 0.00021 0.42117 
5/21/2019 8:45 AM 4717.31 0.05 0.00021 0.42253 
5/21/2019 8:46 AM 4675.99 0.05 0.00021 0.41883 
5/21/2019 8:47 AM 4650.98 0.05 0.00021 0.41659 
5/21/2019 8:48 AM 4682.52 0.05 0.00021 0.41941 
5/21/2019 8:49 AM 4731.13 0.05 0.00021 0.42377 
5/21/2019 8:50 AM 4728.15 0.05 0.00021 0.42350 
5/21/2019 8:51 AM 4730.99 0.05 0.00021 0.42376 
5/21/2019 8:52 AM 4726.88 0.05 0.00021 0.42339 
5/21/2019 8:53 AM 4766.24 0.05 0.00021 0.42691 
5/21/2019 8:54 AM 4737.72 0.05 0.00021 0.42436 
5/21/2019 8:55 AM 4713.15 0.05 0.00021 0.42216 
5/21/2019 8:56 AM 4708.50 0.05 0.00021 0.42174 







5/21/2019 8:57 AM 4733.84 0.05 0.00021 0.42401 
5/21/2019 8:58 AM 4678.36 0.05 0.00021 0.41904 
5/21/2019 8:59 AM 4687.57 0.05 0.00021 0.41987 
5/21/2019 9:00 AM 4687.93 0.05 0.00021 0.41990 
5/21/2019 9:01 AM 4683.83 0.05 0.00021 0.41953 
5/21/2019 9:02 AM 4671.10 0.05 0.00021 0.41839 
5/21/2019 9:03 AM 4675.09 0.05 0.00021 0.41875 
5/21/2019 9:04 AM 4687.63 0.05 0.00021 0.41987 
5/21/2019 9:05 AM 4656.91 0.05 0.00021 0.41712 
5/21/2019 9:06 AM 4671.43 0.05 0.00021 0.41842 
5/21/2019 9:07 AM 4652.99 0.05 0.00021 0.41677 
5/21/2019 9:08 AM 4668.59 0.05 0.00021 0.41817 
5/21/2019 9:09 AM 4677.72 0.05 0.00021 0.41898 
5/21/2019 9:10 AM 4655.46 0.05 0.00021 0.41699 
5/21/2019 9:11 AM 4663.58 0.05 0.00021 0.41772 
5/21/2019 9:12 AM 4633.77 0.05 0.00021 0.41505 
5/21/2019 9:13 AM 4635.15 0.05 0.00021 0.41517 
5/21/2019 9:14 AM 4620.96 0.05 0.00021 0.41390 
5/21/2019 9:15 AM 4601.30 0.05 0.00021 0.41214 
5/21/2019 9:16 AM 4596.94 0.05 0.00021 0.41175 
5/21/2019 9:17 AM 4618.95 0.05 0.00021 0.41372 
5/21/2019 9:18 AM 4609.80 0.05 0.00021 0.41290 
5/21/2019 9:19 AM 4613.75 0.05 0.00021 0.41325 
5/21/2019 9:20 AM 4588.60 0.05 0.00021 0.41100 
5/21/2019 9:21 AM 4563.78 0.37 0.00141 2.82288 
5/21/2019 9:22 AM 4567.31 0.37 0.00141 2.82506 
5/21/2019 9:23 AM 4584.36 0.37 0.00142 2.83561 
5/21/2019 9:24 AM 4575.55 0.37 0.00141 2.83016 
5/21/2019 9:25 AM 4555.55 0.37 0.00141 2.81779 
5/21/2019 9:26 AM 4563.03 0.37 0.00141 2.82241 
5/21/2019 9:27 AM 4558.61 0.37 0.00141 2.81968 
5/21/2019 9:28 AM 4558.29 0.37 0.00141 2.81949 
5/21/2019 9:29 AM 4563.46 0.37 0.00141 2.82268 
5/21/2019 9:30 AM 4546.51 0.37 0.00140 2.81220 
5/21/2019 9:31 AM 4531.57 0.37 0.00140 2.80296 
5/21/2019 9:32 AM 4518.87 0.37 0.00140 2.79510 
5/21/2019 9:33 AM 4494.87 0.37 0.00139 2.78026 
5/21/2019 9:34 AM 4514.78 0.37 0.00139 2.79257 
5/21/2019 9:35 AM 4543.49 0.37 0.00140 2.81033 
5/21/2019 9:36 AM 4513.94 0.37 0.00139 2.79205 
5/21/2019 9:37 AM 4536.28 0.37 0.00140 2.80587 
5/21/2019 9:38 AM 4554.54 0.37 0.00141 2.81717 
5/21/2019 9:39 AM 4591.84 0.37 0.00142 2.84023 
5/21/2019 9:40 AM 4592.14 0.37 0.00142 2.84042 
5/21/2019 9:41 AM 4567.60 0.37 0.00141 2.82524 
5/21/2019 9:42 AM 4574.02 0.37 0.00141 2.82921 
5/21/2019 9:43 AM 4556.48 0.37 0.00141 2.81837 







5/21/2019 9:44 AM 4543.28 0.37 0.00140 2.81020 
5/21/2019 9:45 AM 4538.46 0.37 0.00140 2.80722 
5/21/2019 9:46 AM 4508.86 0.37 0.00139 2.78891 
5/21/2019 9:47 AM 4532.08 0.37 0.00140 2.80327 
5/21/2019 9:48 AM 4564.60 0.37 0.00141 2.82339 
5/21/2019 9:49 AM 4557.03 0.37 0.00141 2.81871 
5/21/2019 9:50 AM 4556.30 0.37 0.00141 2.81826 
5/21/2019 9:51 AM 4551.90 0.37 0.00141 2.81553 
5/21/2019 9:52 AM 4560.91 0.37 0.00141 2.82111 
5/21/2019 9:53 AM 4539.27 0.37 0.00140 2.80772 
5/21/2019 9:54 AM 4539.30 0.37 0.00140 2.80774 
5/21/2019 9:55 AM 4556.00 0.37 0.00141 2.81807 
5/21/2019 9:56 AM 4594.07 0.37 0.00142 2.84162 
5/21/2019 9:57 AM 4575.37 0.37 0.00141 2.83005 
5/21/2019 9:58 AM 4564.13 0.37 0.00141 2.82310 
5/21/2019 9:59 AM 4566.21 0.37 0.00141 2.82438 


5/21/2019 10:00 AM 4554.99 0.37 0.00141 2.81744 
5/21/2019 10:01 AM 4573.58 0.37 0.00141 2.82894 
5/21/2019 10:02 AM 4524.11 0.37 0.00140 2.79834 
5/21/2019 10:03 AM 4518.78 0.37 0.00140 2.79505 
5/21/2019 10:04 AM 4537.97 0.37 0.00140 2.80692 
5/21/2019 10:05 AM 4534.44 0.37 0.00140 2.80473 
5/21/2019 10:06 AM 4545.50 0.37 0.00140 2.81157 
5/21/2019 10:07 AM 4552.79 0.37 0.00141 2.81608 
5/21/2019 10:08 AM 4537.68 0.37 0.00140 2.80674 
5/21/2019 10:09 AM 4505.45 0.37 0.00139 2.78680 
5/21/2019 10:10 AM 4535.55 0.37 0.00140 2.80542 
5/21/2019 10:11 AM 4540.40 0.37 0.00140 2.80842 
5/21/2019 10:12 AM 4560.85 0.37 0.00141 2.82107 
5/21/2019 10:13 AM 4536.56 0.37 0.00140 2.80604 
5/21/2019 10:14 AM 4521.60 0.37 0.00140 2.79679 
5/21/2019 10:15 AM 4518.51 0.37 0.00140 2.79488 
5/21/2019 10:16 AM 4537.32 0.37 0.00140 2.80651 
5/21/2019 10:17 AM 4522.38 0.37 0.00140 2.79727 
5/21/2019 10:18 AM 4552.85 0.37 0.00141 2.81612 
5/21/2019 10:19 AM 4516.05 0.37 0.00140 2.79336 
5/21/2019 10:20 AM 4517.75 0.37 0.00140 2.79441 
5/21/2019 10:21 AM 4490.82 14.26 0.05405 108.22608 
5/21/2019 10:22 AM 4494.75 14.26 0.05410 108.32080 
5/21/2019 10:23 AM 4513.34 14.26 0.05432 108.76889 
5/21/2019 10:24 AM 4506.44 14.26 0.05424 108.60243 
5/21/2019 10:25 AM 4526.55 14.26 0.05448 109.08710 
5/21/2019 10:26 AM 4533.90 14.26 0.05457 109.26417 
5/21/2019 10:27 AM 4530.52 14.26 0.05453 109.18279 
5/21/2019 10:28 AM 4531.33 14.26 0.05454 109.20240 
5/21/2019 10:29 AM 4536.59 14.26 0.05460 109.32921 
5/21/2019 10:30 AM 4533.42 14.26 0.05456 109.25263 







5/21/2019 10:31 AM 4546.29 14.26 0.05472 109.56295 
5/21/2019 10:32 AM 4539.38 14.26 0.05463 109.39622 
5/21/2019 10:33 AM 4559.11 14.26 0.05487 109.87184 
5/21/2019 10:34 AM 4539.75 14.26 0.05464 109.40527 
5/21/2019 10:35 AM 4487.14 14.26 0.05400 108.13733 
5/21/2019 10:36 AM 4497.46 14.26 0.05413 108.38610 
5/21/2019 10:37 AM 4523.10 14.26 0.05444 109.00406 
5/21/2019 10:38 AM 4519.35 14.26 0.05439 108.91368 
5/21/2019 10:39 AM 4534.53 14.26 0.05458 109.27933 
5/21/2019 10:40 AM 4562.82 14.26 0.05492 109.96122 
5/21/2019 10:41 AM 4520.94 14.26 0.05441 108.95182 
5/21/2019 10:42 AM 4544.09 14.26 0.05469 109.50974 
5/21/2019 10:43 AM 4545.56 14.26 0.05471 109.54516 
5/21/2019 10:44 AM 4569.75 14.26 0.05500 110.12817 
5/21/2019 10:45 AM 4515.91 14.26 0.05435 108.83075 
5/21/2019 10:46 AM 4512.11 14.26 0.05431 108.73915 
5/21/2019 10:47 AM 4500.75 14.26 0.05417 108.46539 
5/21/2019 10:48 AM 4503.90 14.26 0.05421 108.54127 
5/21/2019 10:49 AM 4544.61 14.26 0.05470 109.52228 
5/21/2019 10:50 AM 4585.79 14.26 0.05519 110.51473 
5/21/2019 10:51 AM 4544.77 14.26 0.05470 109.52615 
5/21/2019 10:52 AM 4516.79 14.26 0.05436 108.85185 
5/21/2019 10:53 AM 4513.51 14.26 0.05432 108.77294 
5/21/2019 10:54 AM 4534.23 14.26 0.05457 109.27216 
5/21/2019 10:55 AM 4563.30 14.26 0.05492 109.97284 
5/21/2019 10:56 AM 4562.91 14.26 0.05492 109.96351 
5/21/2019 10:57 AM 4549.72 14.26 0.05476 109.64559 
5/21/2019 10:58 AM 4536.42 14.26 0.05460 109.32510 
5/21/2019 10:59 AM 4527.93 14.26 0.05450 109.12050 
5/21/2019 11:00 AM 4538.58 14.26 0.05462 109.37717 
5/21/2019 11:01 AM 4565.08 14.26 0.05494 110.01576 
5/21/2019 11:02 AM 4601.57 14.26 0.05538 110.89514 
5/21/2019 11:03 AM 4593.58 14.26 0.05529 110.70244 
5/21/2019 11:04 AM 4580.89 14.26 0.05513 110.39678 
5/21/2019 11:05 AM 4534.22 14.26 0.05457 109.27197 
5/21/2019 11:06 AM 4548.26 14.26 0.05474 109.61027 
5/21/2019 11:07 AM 4570.64 14.26 0.05501 110.14968 
5/21/2019 11:08 AM 4623.32 14.26 0.05564 111.41928 
5/21/2019 11:09 AM 4567.04 14.26 0.05497 110.06293 
5/21/2019 11:10 AM 4544.72 14.26 0.05470 109.52511 
5/21/2019 11:11 AM 4560.41 14.26 0.05489 109.90304 
5/21/2019 11:12 AM 4551.96 14.26 0.05478 109.69956 
5/21/2019 11:13 AM 4541.71 14.26 0.05466 109.45255 
5/21/2019 11:14 AM 4586.17 14.26 0.05520 110.52390 
5/21/2019 11:15 AM 4564.15 14.26 0.05493 109.99326 
5/21/2019 11:16 AM 4538.10 14.26 0.05462 109.36554 
5/21/2019 11:17 AM 4524.02 14.26 0.05445 109.02625 







5/21/2019 11:18 AM 4539.20 14.26 0.05463 109.39198 
5/21/2019 11:19 AM 4537.72 14.26 0.05461 109.35631 
5/21/2019 11:20 AM 4532.37 14.26 0.05455 109.22745 
5/21/2019 11:21 AM 4531.10 0.68 0.00258 5.16885 
5/21/2019 11:22 AM 4528.28 0.68 0.00258 5.16564 
5/21/2019 11:23 AM 4534.40 0.68 0.00258 5.17261 
5/21/2019 11:24 AM 4491.95 0.68 0.00256 5.12419 
5/21/2019 11:25 AM 4482.02 0.68 0.00255 5.11287 
5/21/2019 11:26 AM 4478.46 0.68 0.00255 5.10880 
5/21/2019 11:27 AM 4493.55 0.68 0.00256 5.12601 
5/21/2019 11:28 AM 4497.09 0.68 0.00256 5.13005 
5/21/2019 11:29 AM 4526.48 0.68 0.00258 5.16358 
5/21/2019 11:30 AM 4527.12 0.68 0.00258 5.16431 
5/21/2019 11:31 AM 4496.09 0.68 0.00256 5.12892 
5/21/2019 11:32 AM 4473.02 0.68 0.00255 5.10260 
5/21/2019 11:33 AM 4490.92 0.68 0.00256 5.12302 
5/21/2019 11:34 AM 4451.89 0.68 0.00254 5.07849 
5/21/2019 11:35 AM 4498.27 0.68 0.00256 5.13140 
5/21/2019 11:36 AM 4468.81 0.68 0.00255 5.09780 
5/21/2019 11:37 AM 4447.04 0.68 0.00253 5.07296 
5/21/2019 11:38 AM 4467.59 0.68 0.00255 5.09640 
5/21/2019 11:39 AM 4444.80 0.68 0.00253 5.07041 
5/21/2019 11:40 AM 4458.83 0.68 0.00254 5.08641 
5/21/2019 11:41 AM 4509.80 0.68 0.00257 5.14455 
5/21/2019 11:42 AM 4435.00 0.68 0.00253 5.05923 
5/21/2019 11:43 AM 4462.30 0.68 0.00254 5.09037 
5/21/2019 11:44 AM 4448.38 0.68 0.00253 5.07449 
5/21/2019 11:45 AM 4464.32 0.68 0.00254 5.09268 
5/21/2019 11:46 AM 4463.56 0.68 0.00254 5.09180 
5/21/2019 11:47 AM 4458.72 0.68 0.00254 5.08628 
5/21/2019 11:48 AM 4479.89 0.68 0.00255 5.11043 
5/21/2019 11:49 AM 4491.91 0.68 0.00256 5.12414 
5/21/2019 11:50 AM 4490.93 0.68 0.00256 5.12303 
5/21/2019 11:51 AM 4471.84 0.68 0.00255 5.10126 
5/21/2019 11:52 AM 4449.35 0.68 0.00253 5.07559 
5/21/2019 11:53 AM 4449.37 0.68 0.00253 5.07562 
5/21/2019 11:54 AM 4462.83 0.68 0.00254 5.09097 
5/21/2019 11:55 AM 4457.17 0.68 0.00254 5.08452 
5/21/2019 11:56 AM 4459.92 0.68 0.00254 5.08766 
5/21/2019 11:57 AM 4488.18 0.68 0.00256 5.11989 
5/21/2019 11:58 AM 4481.92 0.68 0.00255 5.11275 
5/21/2019 11:59 AM 4429.34 0.68 0.00252 5.05277 
5/21/2019 12:00 PM 4443.55 0.68 0.00253 5.06898 
5/21/2019 12:01 PM 4461.69 0.68 0.00254 5.08967 
5/21/2019 12:02 PM 4461.60 0.68 0.00254 5.08957 
5/21/2019 12:03 PM 4463.21 0.68 0.00254 5.09141 
5/21/2019 12:04 PM 4464.65 0.68 0.00254 5.09305 







5/21/2019 12:05 PM 4460.67 0.68 0.00254 5.08851 
5/21/2019 12:06 PM 4406.38 0.68 0.00251 5.02658 
5/21/2019 12:07 PM 4424.39 0.68 0.00252 5.04712 
5/21/2019 12:08 PM 4380.17 0.68 0.00250 4.99668 
5/21/2019 12:09 PM 4422.07 0.68 0.00252 5.04448 
5/21/2019 12:10 PM 4420.58 0.68 0.00252 5.04278 
5/21/2019 12:11 PM 4419.47 0.68 0.00252 5.04151 
5/21/2019 12:12 PM 4423.42 0.68 0.00252 5.04602 
5/21/2019 12:13 PM 4420.88 0.68 0.00252 5.04311 
5/21/2019 12:14 PM 4421.15 0.68 0.00252 5.04343 
5/21/2019 12:15 PM 4458.02 0.68 0.00254 5.08549 
5/21/2019 12:16 PM 4441.65 0.68 0.00253 5.06682 
5/21/2019 12:17 PM 4393.75 0.68 0.00250 5.01217 
5/21/2019 12:18 PM 4426.25 0.68 0.00252 5.04924 
5/21/2019 12:19 PM 4460.36 0.68 0.00254 5.08816 
5/21/2019 12:20 PM 4469.80 0.68 0.00255 5.09892 
5/21/2019 12:21 PM 4472.93 0.06 0.00021 0.42332 
5/21/2019 12:22 PM 4478.41 0.06 0.00021 0.42384 
5/21/2019 12:23 PM 4445.68 0.06 0.00021 0.42074 
5/21/2019 12:24 PM 4474.92 0.06 0.00021 0.42351 
5/21/2019 12:25 PM 4444.29 0.06 0.00021 0.42061 
5/21/2019 12:26 PM 4469.78 0.06 0.00021 0.42302 
5/21/2019 12:27 PM 4477.84 0.06 0.00021 0.42378 
5/21/2019 12:28 PM 4442.72 0.06 0.00021 0.42046 
5/21/2019 12:29 PM 4426.06 0.06 0.00021 0.41888 
5/21/2019 12:30 PM 4523.19 0.06 0.00021 0.42807 
5/21/2019 12:31 PM 4476.96 0.06 0.00021 0.42370 
5/21/2019 12:32 PM 4459.64 0.06 0.00021 0.42206 
5/21/2019 12:33 PM 4490.31 0.06 0.00021 0.42496 
5/21/2019 12:34 PM 4485.57 0.06 0.00021 0.42451 
5/21/2019 12:35 PM 4508.51 0.06 0.00021 0.42669 
5/21/2019 12:36 PM 4512.90 0.06 0.00021 0.42710 
5/21/2019 12:37 PM 4541.51 0.06 0.00021 0.42981 
5/21/2019 12:38 PM 4543.65 0.06 0.00021 0.43001 
5/21/2019 12:39 PM 4533.02 0.06 0.00021 0.42900 
5/21/2019 12:40 PM 4534.74 0.06 0.00021 0.42917 
5/21/2019 12:41 PM 4480.87 0.06 0.00021 0.42407 
5/21/2019 12:42 PM 4461.31 0.06 0.00021 0.42222 
5/21/2019 12:43 PM 4342.80 0.06 0.00021 0.41100 
5/21/2019 12:44 PM 4354.97 0.06 0.00021 0.41215 
5/21/2019 12:45 PM 4392.00 0.06 0.00021 0.41566 
5/21/2019 12:46 PM 4363.25 0.06 0.00021 0.41294 
5/21/2019 12:47 PM 4391.17 0.06 0.00021 0.41558 
5/21/2019 12:48 PM 4364.17 0.06 0.00021 0.41302 
5/21/2019 12:49 PM 4344.25 0.06 0.00021 0.41114 
5/21/2019 12:50 PM 4376.90 0.06 0.00021 0.41423 
5/21/2019 12:51 PM 4382.60 0.06 0.00021 0.41477 







5/21/2019 12:52 PM 4324.15 0.06 0.00020 0.40924 
5/21/2019 12:53 PM 4390.87 0.06 0.00021 0.41555 
5/21/2019 12:54 PM 4377.89 0.06 0.00021 0.41432 
5/21/2019 12:55 PM 4342.33 0.06 0.00021 0.41096 
5/21/2019 12:56 PM 4337.79 0.06 0.00021 0.41053 
5/21/2019 12:57 PM 4349.54 0.06 0.00021 0.41164 
5/21/2019 12:58 PM 4322.29 0.06 0.00020 0.40906 
5/21/2019 12:59 PM 4343.98 0.06 0.00021 0.41111 
5/21/2019 1:00 PM 4384.01 0.06 0.00021 0.41490 
5/21/2019 1:01 PM 4508.95 0.06 0.00021 0.42673 
5/21/2019 1:02 PM 4658.52 0.06 0.00022 0.44088 
5/21/2019 1:03 PM 4607.46 0.06 0.00022 0.43605 
5/21/2019 1:04 PM 4587.36 0.06 0.00022 0.43415 
5/21/2019 1:05 PM 4572.50 0.06 0.00022 0.43274 
5/21/2019 1:06 PM 4543.75 0.06 0.00021 0.43002 
5/21/2019 1:07 PM 4574.01 0.06 0.00022 0.43288 
5/21/2019 1:08 PM 4580.92 0.06 0.00022 0.43354 
5/21/2019 1:09 PM 4575.80 0.06 0.00022 0.43305 
5/21/2019 1:10 PM 4549.53 0.06 0.00022 0.43057 
5/21/2019 1:11 PM 4537.93 0.06 0.00021 0.42947 
5/21/2019 1:12 PM 4537.50 0.06 0.00021 0.42943 
5/21/2019 1:13 PM 4522.17 0.06 0.00021 0.42798 
5/21/2019 1:14 PM 4526.62 0.06 0.00021 0.42840 
5/21/2019 1:15 PM 4568.23 0.06 0.00022 0.43234 
5/21/2019 1:16 PM 4558.54 0.06 0.00022 0.43142 
5/21/2019 1:17 PM 4561.96 0.06 0.00022 0.43174 
5/21/2019 1:18 PM 4532.25 0.06 0.00021 0.42893 
5/21/2019 1:19 PM 4532.82 0.06 0.00021 0.42899 
5/21/2019 1:20 PM 4522.05 0.06 0.00021 0.42797 
5/21/2019 1:21 PM 4533.43 0.67 0.00255 5.11022 
5/21/2019 1:22 PM 4542.15 0.67 0.00256 5.12005 
5/21/2019 1:23 PM 4531.13 0.67 0.00255 5.10762 
5/21/2019 1:24 PM 4501.67 0.67 0.00253 5.07442 
5/21/2019 1:25 PM 4502.05 0.67 0.00253 5.07485 
5/21/2019 1:26 PM 4496.63 0.67 0.00253 5.06874 
5/21/2019 1:27 PM 4522.26 0.67 0.00255 5.09763 
5/21/2019 1:28 PM 4460.71 0.67 0.00251 5.02825 
5/21/2019 1:29 PM 4492.94 0.67 0.00253 5.06457 
5/21/2019 1:30 PM 4476.97 0.67 0.00252 5.04657 
5/21/2019 1:31 PM 4471.03 0.67 0.00252 5.03988 
5/21/2019 1:32 PM 4460.61 0.67 0.00251 5.02813 
5/21/2019 1:33 PM 4491.28 0.67 0.00253 5.06271 
5/21/2019 1:34 PM 4490.99 0.67 0.00253 5.06238 
5/21/2019 1:35 PM 4485.38 0.67 0.00253 5.05606 
5/21/2019 1:36 PM 4493.89 0.67 0.00253 5.06565 
5/21/2019 1:37 PM 4506.63 0.67 0.00254 5.08001 
5/21/2019 1:38 PM 4426.35 0.67 0.00249 4.98952 







5/21/2019 1:39 PM 4336.76 0.67 0.00244 4.88853 
5/21/2019 1:40 PM 4374.08 0.67 0.00246 4.93059 
5/21/2019 1:41 PM 4406.20 0.67 0.00248 4.96680 
5/21/2019 1:42 PM 4373.96 0.67 0.00246 4.93046 
5/21/2019 1:43 PM 4348.31 0.67 0.00245 4.90154 
5/21/2019 1:44 PM 4334.24 0.67 0.00244 4.88569 
5/21/2019 1:45 PM 4324.48 0.67 0.00243 4.87469 
5/21/2019 1:46 PM 4314.07 0.67 0.00243 4.86295 
5/21/2019 1:47 PM 4331.60 0.67 0.00244 4.88271 
5/21/2019 1:48 PM 4349.34 0.67 0.00245 4.90270 
5/21/2019 1:49 PM 4357.89 0.67 0.00245 4.91234 
5/21/2019 1:50 PM 4346.04 0.67 0.00245 4.89898 
5/21/2019 1:51 PM 4355.35 0.67 0.00245 4.90949 
5/21/2019 1:52 PM 4386.28 0.67 0.00247 4.94435 
5/21/2019 1:53 PM 4529.54 0.67 0.00255 5.10584 
5/21/2019 1:54 PM 4509.75 0.67 0.00254 5.08353 
5/21/2019 1:55 PM 4471.28 0.67 0.00252 5.04016 
5/21/2019 1:56 PM 4472.17 0.67 0.00252 5.04117 
5/21/2019 1:57 PM 4485.78 0.67 0.00253 5.05651 
5/21/2019 1:58 PM 4469.57 0.67 0.00252 5.03823 
5/21/2019 1:59 PM 4475.60 0.67 0.00252 5.04503 
5/21/2019 2:00 PM 4448.18 0.67 0.00250 5.01413 
5/21/2019 2:01 PM 4441.68 0.67 0.00250 5.00679 
5/21/2019 2:02 PM 4429.23 0.67 0.00249 4.99277 
5/21/2019 2:03 PM 4430.61 0.67 0.00249 4.99432 
5/21/2019 2:04 PM 4457.23 0.67 0.00251 5.02432 
5/21/2019 2:05 PM 4420.86 0.67 0.00249 4.98333 
5/21/2019 2:06 PM 4433.33 0.67 0.00250 4.99739 
5/21/2019 2:07 PM 4439.83 0.67 0.00250 5.00471 
5/21/2019 2:08 PM 4462.03 0.67 0.00251 5.02973 
5/21/2019 2:09 PM 4496.08 0.67 0.00253 5.06812 
5/21/2019 2:10 PM 4447.07 0.67 0.00250 5.01287 
5/21/2019 2:11 PM 4474.07 0.67 0.00252 5.04331 
5/21/2019 2:12 PM 4429.36 0.67 0.00249 4.99291 
5/21/2019 2:13 PM 4446.15 0.67 0.00250 5.01184 
5/21/2019 2:14 PM 4435.11 0.67 0.00250 4.99939 
5/21/2019 2:15 PM 4425.51 0.67 0.00249 4.98857 
5/21/2019 2:16 PM 4415.09 0.67 0.00249 4.97682 
5/21/2019 2:17 PM 4447.22 0.67 0.00250 5.01304 
5/21/2019 2:18 PM 4441.80 0.67 0.00250 5.00693 
5/21/2019 2:19 PM 4450.17 0.67 0.00251 5.01636 
5/21/2019 2:20 PM 4434.62 0.67 0.00250 4.99883 
5/21/2019 2:21 PM 4431.37 1.42 0.00530 10.61194 
5/21/2019 2:22 PM 4386.81 1.42 0.00525 10.50522 
5/21/2019 2:23 PM 4432.80 1.42 0.00530 10.61535 
5/21/2019 2:24 PM 4409.60 1.42 0.00527 10.55979 
5/21/2019 2:25 PM 4384.38 1.42 0.00524 10.49940 







5/21/2019 2:26 PM 4403.95 1.42 0.00527 10.54628 
5/21/2019 2:27 PM 4401.30 1.42 0.00526 10.53993 
5/21/2019 2:28 PM 4391.35 1.42 0.00525 10.51610 
5/21/2019 2:29 PM 4379.87 1.42 0.00524 10.48862 
5/21/2019 2:30 PM 4388.49 1.42 0.00525 10.50925 
5/21/2019 2:31 PM 4383.04 1.42 0.00524 10.49620 
5/21/2019 2:32 PM 4356.11 1.42 0.00521 10.43170 
5/21/2019 2:33 PM 4391.47 1.42 0.00525 10.51638 
5/21/2019 2:34 PM 4405.19 1.42 0.00527 10.54925 
5/21/2019 2:35 PM 4399.91 1.42 0.00526 10.53660 
5/21/2019 2:36 PM 4391.76 1.42 0.00525 10.51707 
5/21/2019 2:37 PM 4415.27 1.42 0.00528 10.57339 
5/21/2019 2:38 PM 4383.81 1.42 0.00524 10.49805 
5/21/2019 2:39 PM 4390.69 1.42 0.00525 10.51452 
5/21/2019 2:40 PM 4381.21 1.42 0.00524 10.49181 
5/21/2019 2:41 PM 4382.64 1.42 0.00524 10.49524 
5/21/2019 2:42 PM 4363.33 1.42 0.00522 10.44900 
5/21/2019 2:43 PM 4346.90 1.42 0.00520 10.40965 
5/21/2019 2:44 PM 4333.78 1.42 0.00518 10.37823 
5/21/2019 2:45 PM 4374.45 1.42 0.00523 10.47562 
5/21/2019 2:46 PM 4383.49 1.42 0.00524 10.49729 
5/21/2019 2:47 PM 4417.97 1.42 0.00528 10.57985 
5/21/2019 2:48 PM 4430.34 1.42 0.00530 10.60946 
5/21/2019 2:49 PM 4389.32 1.42 0.00525 10.51124 
5/21/2019 2:50 PM 4421.26 1.42 0.00529 10.58772 
5/21/2019 2:51 PM 4448.11 1.42 0.00532 10.65203 
5/21/2019 2:52 PM 4434.02 1.42 0.00530 10.61828 
5/21/2019 2:53 PM 4398.18 1.42 0.00526 10.53246 
5/21/2019 2:54 PM 4409.28 1.42 0.00527 10.55903 
5/21/2019 2:55 PM 4451.93 1.42 0.00532 10.66118 
5/21/2019 2:56 PM 4452.50 1.42 0.00532 10.66253 
5/21/2019 2:57 PM 4384.68 1.42 0.00524 10.50013 
5/21/2019 2:58 PM 4406.38 1.42 0.00527 10.55209 
5/21/2019 2:59 PM 4389.93 1.42 0.00525 10.51271 
5/21/2019 3:00 PM 4404.37 1.42 0.00527 10.54728 
5/21/2019 3:01 PM 4387.95 1.42 0.00525 10.50796 
5/21/2019 3:02 PM 4225.74 1.42 0.00505 10.11950 
5/21/2019 3:03 PM 4284.80 1.42 0.00512 10.26094 
5/21/2019 3:04 PM 4263.84 1.42 0.00510 10.21075 
5/21/2019 3:05 PM 4281.59 1.42 0.00512 10.25326 
5/21/2019 3:06 PM 4261.52 1.42 0.00510 10.20520 
5/21/2019 3:07 PM 4274.99 1.42 0.00511 10.23745 
5/21/2019 3:08 PM 4273.37 1.42 0.00511 10.23357 
5/21/2019 3:09 PM 4255.99 1.42 0.00509 10.19195 
5/21/2019 3:10 PM 4257.22 1.42 0.00509 10.19489 
5/21/2019 3:11 PM 4251.42 1.42 0.00508 10.18100 
5/21/2019 3:12 PM 4246.93 1.42 0.00508 10.17025 







5/21/2019 3:13 PM 4253.09 1.42 0.00509 10.18500 
5/21/2019 3:14 PM 4282.62 1.42 0.00512 10.25572 
5/21/2019 3:15 PM 4308.73 1.42 0.00515 10.31823 
5/21/2019 3:16 PM 4306.74 1.42 0.00515 10.31348 
5/21/2019 3:17 PM 4320.73 1.42 0.00517 10.34698 
5/21/2019 3:18 PM 4307.03 1.42 0.00515 10.31419 
5/21/2019 3:19 PM 4300.19 1.42 0.00514 10.29780 
5/21/2019 3:20 PM 4285.07 1.42 0.00512 10.26158 
5/21/2019 3:21 PM 4292.32 16.70 0.06050 121.14220 
5/21/2019 3:22 PM 4298.11 16.70 0.06058 121.30563 
5/21/2019 3:23 PM 4302.00 16.70 0.06064 121.41536 
5/21/2019 3:24 PM 4267.75 16.70 0.06015 120.44871 
5/21/2019 3:25 PM 4303.68 16.70 0.06066 121.46263 
5/21/2019 3:26 PM 4282.08 16.70 0.06036 120.85307 
5/21/2019 3:27 PM 4266.64 16.70 0.06014 120.41733 
5/21/2019 3:28 PM 4297.26 16.70 0.06057 121.28166 
5/21/2019 3:29 PM 4267.63 16.70 0.06015 120.44534 
5/21/2019 3:30 PM 4340.91 16.70 0.06118 122.51340 
5/21/2019 3:31 PM 4341.99 16.70 0.06120 122.54408 
5/21/2019 3:32 PM 4349.24 16.70 0.06130 122.74850 
5/21/2019 3:33 PM 4348.15 16.70 0.06129 122.71770 
5/21/2019 3:34 PM 4325.03 16.70 0.06096 122.06524 
5/21/2019 3:35 PM 4316.20 16.70 0.06084 121.81620 
5/21/2019 3:36 PM 4314.00 16.70 0.06081 121.75413 
5/21/2019 3:37 PM 4329.33 16.70 0.06102 122.18671 
5/21/2019 3:38 PM 4303.17 16.70 0.06065 121.44832 
5/21/2019 3:39 PM 4320.14 16.70 0.06089 121.92724 
5/21/2019 3:40 PM 4331.32 16.70 0.06105 122.24280 
5/21/2019 3:41 PM 4328.64 16.70 0.06101 122.16715 
5/21/2019 3:42 PM 4324.16 16.70 0.06095 122.04087 
5/21/2019 3:43 PM 4336.60 16.70 0.06112 122.39189 
5/21/2019 3:44 PM 4313.11 16.70 0.06079 121.72892 
5/21/2019 3:45 PM 4351.50 16.70 0.06133 122.81245 
5/21/2019 3:46 PM 4331.82 16.70 0.06106 122.25701 
5/21/2019 3:47 PM 4312.14 16.70 0.06078 121.70155 
5/21/2019 3:48 PM 4327.49 16.70 0.06100 122.13477 
5/21/2019 3:49 PM 4340.03 16.70 0.06117 122.48874 
5/21/2019 3:50 PM 4360.78 16.70 0.06146 123.07421 
5/21/2019 3:51 PM 4367.31 16.70 0.06156 123.25866 
5/21/2019 3:52 PM 4316.22 16.70 0.06084 121.81679 
5/21/2019 3:53 PM 4326.24 16.70 0.06098 122.09936 
5/21/2019 3:54 PM 4329.84 16.70 0.06103 122.20103 
5/21/2019 3:55 PM 4327.31 16.70 0.06099 122.12966 
5/21/2019 3:56 PM 4333.56 16.70 0.06108 122.30594 
5/21/2019 3:57 PM 4327.20 16.70 0.06099 122.12657 
5/21/2019 3:58 PM 4335.29 16.70 0.06111 122.35502 
5/21/2019 3:59 PM 4382.49 16.70 0.06177 123.68710 







5/21/2019 4:00 PM 4384.09 16.70 0.06179 123.73222 
5/21/2019 4:01 PM 4396.51 16.70 0.06197 124.08270 
5/21/2019 4:02 PM 4368.17 16.70 0.06157 123.28283 
5/21/2019 4:03 PM 4323.92 16.70 0.06094 122.03390 
5/21/2019 4:04 PM 4321.81 16.70 0.06092 121.97443 
5/21/2019 4:05 PM 4322.03 16.70 0.06092 121.98054 
5/21/2019 4:06 PM 4315.96 16.70 0.06083 121.80930 
5/21/2019 4:07 PM 4343.40 16.70 0.06122 122.58391 
5/21/2019 4:08 PM 4326.99 16.70 0.06099 122.12056 
5/21/2019 4:09 PM 4323.54 16.70 0.06094 122.02332 
5/21/2019 4:10 PM 4336.53 16.70 0.06112 122.38988 
5/21/2019 4:11 PM 4334.76 16.70 0.06110 122.34007 
5/21/2019 4:12 PM 4337.34 16.70 0.06113 122.41269 
5/21/2019 4:13 PM 4332.76 16.70 0.06107 122.28341 
5/21/2019 4:14 PM 4346.13 16.70 0.06126 122.66075 
5/21/2019 4:15 PM 4313.94 16.70 0.06080 121.75232 
5/21/2019 4:16 PM 4280.91 16.70 0.06034 120.82023 
5/21/2019 4:17 PM 4253.35 16.70 0.05995 120.04242 
5/21/2019 4:18 PM 4288.02 16.70 0.06044 121.02076 
5/21/2019 4:19 PM 4288.42 16.70 0.06044 121.03194 
5/21/2019 4:20 PM 4306.59 16.70 0.06070 121.54501 
5/21/2019 4:21 PM 4290.23 0.51 0.00185 3.69775 
5/21/2019 4:22 PM 4344.34 0.51 0.00187 3.74439 
5/21/2019 4:23 PM 4366.07 0.51 0.00188 3.76312 
5/21/2019 4:24 PM 4318.65 0.51 0.00186 3.72225 
5/21/2019 4:25 PM 4317.15 0.51 0.00186 3.72095 
5/21/2019 4:26 PM 4315.63 0.51 0.00186 3.71964 
5/21/2019 4:27 PM 4318.74 0.51 0.00186 3.72232 
5/21/2019 4:28 PM 4364.14 0.51 0.00188 3.76146 
5/21/2019 4:29 PM 4349.95 0.51 0.00187 3.74923 
5/21/2019 4:30 PM 4321.44 0.51 0.00186 3.72465 
5/21/2019 4:31 PM 4335.70 0.51 0.00187 3.73694 
5/21/2019 4:32 PM 4367.52 0.51 0.00188 3.76437 
5/21/2019 4:33 PM 4361.45 0.51 0.00188 3.75913 
5/21/2019 4:34 PM 4347.28 0.51 0.00187 3.74692 
5/21/2019 4:35 PM 4342.82 0.51 0.00187 3.74308 
5/21/2019 4:36 PM 4368.09 0.51 0.00188 3.76486 
5/21/2019 4:37 PM 4502.46 0.51 0.00194 3.88067 
5/21/2019 4:38 PM 4503.45 0.51 0.00194 3.88153 
5/21/2019 4:39 PM 4469.19 0.51 0.00192 3.85200 
5/21/2019 4:40 PM 4458.02 0.51 0.00192 3.84237 
5/21/2019 4:41 PM 4469.29 0.51 0.00192 3.85208 
5/21/2019 4:42 PM 4468.90 0.51 0.00192 3.85175 
5/21/2019 4:43 PM 3661.90 0.51 0.00158 3.15619 
5/21/2019 4:47 PM 2326.38 0.51 0.00100 2.00511 
5/21/2019 4:48 PM 4484.73 0.51 0.00193 3.86539 
5/21/2019 4:49 PM 2892.04 0.51 0.00124 2.49265 







5/21/2019 5:21 PM 3090.17 0.81 0.00211 4.23013 
5/21/2019 5:22 PM 4502.96 0.81 0.00308 6.16410 
5/21/2019 5:23 PM 4536.44 0.81 0.00310 6.20993 
5/21/2019 5:24 PM 4496.83 0.81 0.00307 6.15571 
5/21/2019 5:25 PM 4456.16 0.81 0.00305 6.10004 
5/21/2019 5:26 PM 4448.37 0.81 0.00304 6.08938 
5/21/2019 5:27 PM 4443.67 0.81 0.00304 6.08294 
5/21/2019 5:28 PM 4450.19 0.81 0.00304 6.09186 
5/21/2019 5:29 PM 4329.60 0.81 0.00296 5.92679 
5/21/2019 5:30 PM 61.03 0.81 0.00004 0.08355 
5/22/2019 1:28 AM 832.81 4.70 0.00330 6.61499 
5/22/2019 1:29 AM 4900.39 4.70 0.01944 38.92376 
5/22/2019 1:30 AM 5516.34 4.70 0.02188 43.81628 
5/22/2019 1:31 AM 5049.60 4.70 0.02003 40.10900 
5/22/2019 1:32 AM 4353.30 4.70 0.01727 34.57829 
5/22/2019 1:33 AM 3937.18 4.70 0.01562 31.27303 
5/22/2019 1:34 AM 3547.43 4.70 0.01407 28.17724 
5/22/2019 1:35 AM 3138.50 4.70 0.01245 24.92908 
5/22/2019 1:36 AM 3085.28 4.70 0.01224 24.50641 
5/22/2019 1:37 AM 2811.64 4.70 0.01115 22.33286 
5/22/2019 1:38 AM 2717.78 4.70 0.01078 21.58731 
5/22/2019 1:39 AM 2525.69 4.70 0.01002 20.06159 
5/22/2019 1:40 AM 2388.38 4.70 0.00947 18.97093 
5/22/2019 1:41 AM 2359.31 4.70 0.00936 18.74001 
5/22/2019 1:42 AM 2433.26 4.70 0.00965 19.32740 
5/22/2019 1:43 AM 2366.87 4.70 0.00939 18.80003 
5/22/2019 1:44 AM 2187.92 4.70 0.00868 17.37864 
5/22/2019 1:45 AM 2346.49 4.70 0.00931 18.63815 
5/22/2019 1:46 AM 3743.16 4.70 0.01485 29.73194 
5/22/2019 1:47 AM 5748.42 4.70 0.02280 45.65968 
5/22/2019 1:48 AM 5396.12 4.70 0.02141 42.86137 
5/22/2019 1:49 AM 4900.74 4.70 0.01944 38.92655 
5/22/2019 1:50 AM 4051.82 4.70 0.01607 32.18360 
5/22/2019 1:51 AM 3198.54 4.70 0.01269 25.40597 
5/22/2019 1:52 AM 2650.03 4.70 0.01051 21.04919 
5/22/2019 1:53 AM 2081.53 4.70 0.00826 16.53358 
5/22/2019 1:54 AM 1872.84 4.70 0.00743 14.87596 
5/22/2019 1:55 AM 1563.07 4.70 0.00620 12.41547 
5/22/2019 1:56 AM 1359.50 4.70 0.00539 10.79851 
5/22/2019 1:57 AM 1273.53 4.70 0.00505 10.11564 
5/22/2019 1:58 AM 1100.93 4.70 0.00437 8.74468 
5/22/2019 1:59 AM 1002.92 4.70 0.00398 7.96616 
5/22/2019 2:00 AM 904.93 4.70 0.00359 7.18783 
5/22/2019 2:01 AM 793.17 4.70 0.00315 6.30013 
5/22/2019 2:02 AM 689.53 4.70 0.00274 5.47690 
5/22/2019 2:03 AM 627.45 4.70 0.00249 4.98384 
5/22/2019 2:04 AM 526.82 4.70 0.00209 4.18450 







5/22/2019 2:05 AM 432.21 4.70 0.00171 3.43307 
5/22/2019 2:06 AM 424.71 4.70 0.00168 3.37348 
5/22/2019 2:07 AM 434.32 4.70 0.00172 3.44977 
5/22/2019 2:08 AM 360.83 4.70 0.00143 2.86610 
5/22/2019 2:09 AM 325.81 4.70 0.00129 2.58792 
5/22/2019 2:10 AM 241.46 4.70 0.00096 1.91790 
5/22/2019 2:11 AM 3.13 4.70 0.00001 0.02484 
5/22/2019 7:40 AM 140.80 0.38 0.00004 0.08947 
5/22/2019 7:41 AM 5747.43 0.38 0.00182 3.65215 
5/22/2019 7:42 AM 4027.29 0.38 0.00128 2.55910 
5/22/2019 8:14 AM 2545.45 0.38 0.00081 1.61748 
5/22/2019 8:15 AM 4941.01 0.38 0.00157 3.13972 
5/22/2019 8:16 AM 4904.09 0.38 0.00156 3.11626 
5/22/2019 8:17 AM 4824.38 0.38 0.00153 3.06561 
5/22/2019 8:18 AM 4783.98 0.38 0.00152 3.03993 
5/22/2019 8:19 AM 4778.39 0.38 0.00152 3.03638 
5/22/2019 8:20 AM 4749.55 0.38 0.00151 3.01806 
5/22/2019 8:21 AM 4721.97 0.38 0.00150 3.00053 
5/22/2019 8:22 AM 4690.07 0.38 0.00149 2.98026 
5/22/2019 8:23 AM 4705.09 0.38 0.00149 2.98980 
5/22/2019 8:24 AM 4723.63 0.38 0.00150 3.00159 
5/22/2019 8:25 AM 4710.65 0.38 0.00149 2.99334 
5/22/2019 8:26 AM 4730.64 0.38 0.00150 3.00604 
5/22/2019 8:27 AM 4692.58 0.38 0.00149 2.98186 
5/22/2019 8:28 AM 4674.65 0.38 0.00148 2.97046 
5/22/2019 8:29 AM 4533.22 0.38 0.00144 2.88059 
5/22/2019 8:30 AM 4567.82 0.38 0.00145 2.90257 
5/22/2019 8:31 AM 4535.06 0.38 0.00144 2.88176 
5/22/2019 8:32 AM 4542.13 0.38 0.00144 2.88625 
5/22/2019 8:33 AM 4571.97 0.38 0.00145 2.90521 
5/22/2019 8:34 AM 4560.19 0.38 0.00145 2.89773 
5/22/2019 8:35 AM 4572.14 0.38 0.00145 2.90532 
5/22/2019 8:36 AM 4548.55 0.38 0.00144 2.89033 
5/22/2019 8:37 AM 4575.24 0.38 0.00145 2.90729 
5/22/2019 8:38 AM 4588.21 0.38 0.00146 2.91553 
5/22/2019 8:39 AM 4574.47 0.38 0.00145 2.90680 
5/22/2019 8:40 AM 4613.89 0.59 0.00230 4.60831 
5/22/2019 8:41 AM 4636.17 0.59 0.00231 4.63056 
5/22/2019 8:42 AM 4617.91 0.59 0.00230 4.61232 
5/22/2019 8:43 AM 4603.41 0.59 0.00230 4.59784 
5/22/2019 8:44 AM 4576.28 0.59 0.00228 4.57074 
5/22/2019 8:45 AM 4588.12 0.59 0.00229 4.58257 
5/22/2019 8:46 AM 4593.91 0.59 0.00229 4.58835 
5/22/2019 8:47 AM 4598.60 0.59 0.00229 4.59303 
5/22/2019 8:48 AM 4578.42 0.59 0.00228 4.57288 
5/22/2019 8:49 AM 4599.34 0.59 0.00229 4.59377 
5/22/2019 8:50 AM 4625.26 0.59 0.00231 4.61966 







5/22/2019 8:51 AM 4615.59 0.59 0.00230 4.61001 
5/22/2019 8:52 AM 4623.52 0.59 0.00231 4.61792 
5/22/2019 8:53 AM 4657.15 0.59 0.00232 4.65152 
5/22/2019 8:54 AM 4625.99 0.59 0.00231 4.62039 
5/22/2019 8:55 AM 4634.20 0.59 0.00231 4.62859 
5/22/2019 8:56 AM 4623.65 0.59 0.00231 4.61806 
5/22/2019 8:57 AM 4614.60 0.59 0.00230 4.60902 
5/22/2019 8:58 AM 4588.01 0.59 0.00229 4.58246 
5/22/2019 8:59 AM 4605.82 0.59 0.00230 4.60025 
5/22/2019 9:00 AM 4611.84 0.59 0.00230 4.60626 
5/22/2019 9:01 AM 4641.90 0.59 0.00232 4.63628 
5/22/2019 9:02 AM 4640.01 0.59 0.00231 4.63439 
5/22/2019 9:03 AM 4604.33 0.59 0.00230 4.59876 
5/22/2019 9:04 AM 4581.15 0.59 0.00229 4.57560 
5/22/2019 9:05 AM 4553.99 0.59 0.00227 4.54848 
5/22/2019 9:06 AM 4577.33 0.59 0.00228 4.57179 
5/22/2019 9:07 AM 4619.87 0.59 0.00230 4.61428 
5/22/2019 9:08 AM 4607.38 0.59 0.00230 4.60181 
5/22/2019 9:09 AM 4584.55 0.59 0.00229 4.57900 
5/22/2019 9:10 AM 4572.31 0.59 0.00228 4.56678 
5/22/2019 9:11 AM 4551.33 0.59 0.00227 4.54583 
5/22/2019 9:12 AM 4542.80 0.59 0.00227 4.53730 
5/22/2019 9:13 AM 4576.19 0.59 0.00228 4.57065 
5/22/2019 9:14 AM 4557.82 0.59 0.00227 4.55230 
5/22/2019 9:15 AM 4552.45 0.59 0.00227 4.54694 
5/22/2019 9:16 AM 4573.30 0.59 0.00228 4.56777 
5/22/2019 9:17 AM 4593.14 0.59 0.00229 4.58759 
5/22/2019 9:18 AM 4579.50 0.59 0.00228 4.57396 
5/22/2019 9:19 AM 4572.33 0.59 0.00228 4.56680 
5/22/2019 9:20 AM 4579.02 0.59 0.00228 4.57348 
5/22/2019 9:21 AM 4605.38 0.59 0.00230 4.59981 
5/22/2019 9:22 AM 4611.16 0.59 0.00230 4.60558 
5/22/2019 9:23 AM 4616.97 0.59 0.00230 4.61138 
5/22/2019 9:24 AM 4549.12 0.59 0.00227 4.54362 
5/22/2019 9:25 AM 4589.98 0.59 0.00229 4.58442 
5/22/2019 9:26 AM 4608.33 0.59 0.00230 4.60275 
5/22/2019 9:27 AM 4638.88 0.59 0.00231 4.63327 
5/22/2019 9:28 AM 4621.82 0.59 0.00231 4.61623 
5/22/2019 9:29 AM 4605.65 0.59 0.00230 4.60008 
5/22/2019 9:30 AM 4654.59 0.59 0.00232 4.64896 
5/22/2019 9:31 AM 4635.20 0.59 0.00231 4.62959 
5/22/2019 9:32 AM 4616.79 0.59 0.00230 4.61121 
5/22/2019 9:33 AM 4611.94 0.59 0.00230 4.60636 
5/22/2019 9:34 AM 4547.56 0.59 0.00227 4.54206 
5/22/2019 9:35 AM 4573.06 0.59 0.00228 4.56753 
5/22/2019 9:36 AM 4561.23 0.59 0.00228 4.55571 
5/22/2019 9:37 AM 4574.82 0.59 0.00228 4.56929 







5/22/2019 9:38 AM 4555.89 0.59 0.00227 4.55038 
5/22/2019 9:39 AM 4583.52 0.59 0.00229 4.57797 
5/22/2019 9:40 AM 4585.38 0.13 0.00049 0.97641 
5/22/2019 9:41 AM 4606.56 0.13 0.00049 0.98092 
5/22/2019 9:42 AM 4597.06 0.13 0.00049 0.97890 
5/22/2019 9:43 AM 4567.47 0.13 0.00049 0.97260 
5/22/2019 9:44 AM 4529.55 0.13 0.00048 0.96452 
5/22/2019 9:45 AM 4545.75 0.13 0.00048 0.96797 
5/22/2019 9:46 AM 4431.95 0.13 0.00047 0.94374 
5/22/2019 9:47 AM 4409.73 0.13 0.00047 0.93901 
5/22/2019 9:48 AM 4422.65 0.13 0.00047 0.94176 
5/22/2019 9:49 AM 4432.69 0.13 0.00047 0.94390 
5/22/2019 9:50 AM 4423.09 0.13 0.00047 0.94185 
5/22/2019 9:51 AM 4405.56 0.13 0.00047 0.93812 
5/22/2019 9:52 AM 4459.83 0.13 0.00047 0.94968 
5/22/2019 9:53 AM 4447.83 0.13 0.00047 0.94712 
5/22/2019 9:54 AM 4432.73 0.13 0.00047 0.94390 
5/22/2019 9:55 AM 4450.98 0.13 0.00047 0.94779 
5/22/2019 9:56 AM 4428.06 0.13 0.00047 0.94291 
5/22/2019 9:57 AM 4424.41 0.13 0.00047 0.94213 
5/22/2019 9:58 AM 4429.93 0.13 0.00047 0.94331 
5/22/2019 9:59 AM 4401.79 0.13 0.00047 0.93732 


5/22/2019 10:00 AM 4415.05 0.13 0.00047 0.94014 
5/22/2019 10:01 AM 4381.19 0.13 0.00047 0.93293 
5/22/2019 10:02 AM 4391.73 0.13 0.00047 0.93518 
5/22/2019 10:03 AM 4423.29 0.13 0.00047 0.94190 
5/22/2019 10:04 AM 4423.97 0.13 0.00047 0.94204 
5/22/2019 10:05 AM 4398.46 0.13 0.00047 0.93661 
5/22/2019 10:06 AM 4480.51 0.13 0.00048 0.95408 
5/22/2019 10:07 AM 4514.78 0.13 0.00048 0.96138 
5/22/2019 10:08 AM 4526.89 0.13 0.00048 0.96396 
5/22/2019 10:09 AM 4556.06 0.13 0.00048 0.97017 
5/22/2019 10:10 AM 4542.22 0.13 0.00048 0.96722 
5/22/2019 10:11 AM 4536.45 0.13 0.00048 0.96599 
5/22/2019 10:12 AM 4488.79 0.13 0.00048 0.95584 
5/22/2019 10:13 AM 4350.13 0.13 0.00046 0.92632 
5/22/2019 10:14 AM 4409.59 0.13 0.00047 0.93898 
5/22/2019 10:15 AM 4406.55 0.13 0.00047 0.93833 
5/22/2019 10:16 AM 4432.70 0.13 0.00047 0.94390 
5/22/2019 10:17 AM 4423.38 0.13 0.00047 0.94191 
5/22/2019 10:18 AM 4433.48 0.13 0.00047 0.94407 
5/22/2019 10:19 AM 4428.17 0.13 0.00047 0.94293 
5/22/2019 10:20 AM 4444.43 0.13 0.00047 0.94640 
5/22/2019 10:21 AM 4432.98 0.13 0.00047 0.94396 
5/22/2019 10:22 AM 4410.58 0.13 0.00047 0.93919 
5/22/2019 10:23 AM 4452.99 0.13 0.00047 0.94822 
5/22/2019 10:24 AM 4431.39 0.13 0.00047 0.94362 







5/22/2019 10:25 AM 4433.58 0.13 0.00047 0.94409 
5/22/2019 10:26 AM 4420.22 0.13 0.00047 0.94124 
5/22/2019 10:27 AM 4416.79 0.13 0.00047 0.94051 
5/22/2019 10:28 AM 4416.64 0.13 0.00047 0.94048 
5/22/2019 10:29 AM 4446.95 0.13 0.00047 0.94693 
5/22/2019 10:30 AM 4456.06 0.13 0.00047 0.94887 
5/22/2019 10:31 AM 4450.18 0.13 0.00047 0.94762 
5/22/2019 10:32 AM 4452.34 0.13 0.00047 0.94808 
5/22/2019 10:33 AM 4434.83 0.13 0.00047 0.94435 
5/22/2019 10:34 AM 4428.85 0.13 0.00047 0.94308 
5/22/2019 10:35 AM 4411.56 0.13 0.00047 0.93940 
5/22/2019 10:36 AM 4438.70 0.13 0.00047 0.94518 
5/22/2019 10:37 AM 4463.03 0.13 0.00047 0.95036 
5/22/2019 10:38 AM 4453.05 0.13 0.00047 0.94823 
5/22/2019 10:39 AM 4398.84 0.13 0.00047 0.93669 
5/22/2019 10:40 AM 4407.88 3.49 0.01299 26.02049 
5/22/2019 10:41 AM 4442.22 3.49 0.01310 26.22315 
5/22/2019 10:42 AM 4470.49 3.49 0.01318 26.39007 
5/22/2019 10:43 AM 4445.10 3.49 0.01310 26.24020 
5/22/2019 10:44 AM 4479.30 3.49 0.01321 26.44210 
5/22/2019 10:45 AM 4460.14 3.49 0.01315 26.32899 
5/22/2019 10:46 AM 4474.46 3.49 0.01319 26.41352 
5/22/2019 10:47 AM 4435.94 3.49 0.01308 26.18612 
5/22/2019 10:48 AM 4491.19 3.49 0.01324 26.51225 
5/22/2019 10:49 AM 4418.90 3.49 0.01303 26.08553 
5/22/2019 10:50 AM 4421.66 3.49 0.01304 26.10182 
5/22/2019 10:51 AM 4423.02 3.49 0.01304 26.10982 
5/22/2019 10:52 AM 4485.95 3.49 0.01322 26.48132 
5/22/2019 10:53 AM 4647.90 3.49 0.01370 27.43733 
5/22/2019 10:54 AM 4774.50 3.49 0.01408 28.18470 
5/22/2019 10:55 AM 4760.38 3.49 0.01403 28.10132 
5/22/2019 10:56 AM 4747.16 3.49 0.01400 28.02328 
5/22/2019 10:57 AM 4698.86 3.49 0.01385 27.73815 
5/22/2019 10:58 AM 4652.97 3.49 0.01372 27.46729 
5/22/2019 10:59 AM 4540.89 3.49 0.01339 26.80566 
5/22/2019 11:00 AM 4572.53 3.49 0.01348 26.99242 
5/22/2019 11:01 AM 4599.73 3.49 0.01356 27.15297 
5/22/2019 11:02 AM 4587.02 3.49 0.01352 27.07796 
5/22/2019 11:03 AM 4583.93 3.49 0.01351 27.05974 
5/22/2019 11:04 AM 4644.00 3.49 0.01369 27.41434 
5/22/2019 11:05 AM 4613.94 3.49 0.01360 27.23685 
5/22/2019 11:06 AM 4553.00 3.49 0.01342 26.87712 
5/22/2019 11:07 AM 4577.48 3.49 0.01349 27.02165 
5/22/2019 11:08 AM 4621.36 3.49 0.01362 27.28070 
5/22/2019 11:09 AM 4601.74 3.49 0.01357 27.16485 
5/22/2019 11:10 AM 4558.79 3.49 0.01344 26.91130 
5/22/2019 11:11 AM 4530.55 3.49 0.01336 26.74458 







5/22/2019 11:12 AM 4514.68 3.49 0.01331 26.65094 
5/22/2019 11:13 AM 4365.18 3.49 0.01287 25.76840 
5/22/2019 11:14 AM 4408.15 3.49 0.01300 26.02207 
5/22/2019 11:15 AM 4446.43 3.49 0.01311 26.24801 
5/22/2019 11:16 AM 4426.61 3.49 0.01305 26.13102 
5/22/2019 11:17 AM 4415.43 3.49 0.01302 26.06501 
5/22/2019 11:18 AM 4399.21 3.49 0.01297 25.96929 
5/22/2019 11:19 AM 4387.15 3.49 0.01293 25.89810 
5/22/2019 11:20 AM 4386.62 3.49 0.01293 25.89493 
5/22/2019 11:21 AM 4419.97 3.49 0.01303 26.09184 
5/22/2019 11:22 AM 4421.38 3.49 0.01303 26.10013 
5/22/2019 11:23 AM 4404.55 3.49 0.01299 26.00083 
5/22/2019 11:24 AM 4393.11 3.49 0.01295 25.93326 
5/22/2019 11:25 AM 4382.65 3.49 0.01292 25.87156 
5/22/2019 11:26 AM 4412.24 3.49 0.01301 26.04621 
5/22/2019 11:27 AM 4388.00 3.49 0.01294 25.90308 
5/22/2019 11:28 AM 4411.38 3.49 0.01301 26.04116 
5/22/2019 11:29 AM 4429.08 3.49 0.01306 26.14560 
5/22/2019 11:30 AM 4423.15 3.49 0.01304 26.11060 
5/22/2019 11:31 AM 4425.33 3.49 0.01305 26.12350 
5/22/2019 11:32 AM 4413.64 3.49 0.01301 26.05446 
5/22/2019 11:33 AM 4400.39 3.49 0.01297 25.97623 
5/22/2019 11:34 AM 4378.04 3.49 0.01291 25.84430 
5/22/2019 11:35 AM 4382.85 3.49 0.01292 25.87272 
5/22/2019 11:36 AM 4396.27 3.49 0.01296 25.95194 
5/22/2019 11:37 AM 4387.60 3.49 0.01294 25.90075 
5/22/2019 11:38 AM 4434.04 3.49 0.01307 26.17490 
5/22/2019 11:39 AM 4411.76 3.49 0.01301 26.04339 
5/22/2019 11:40 AM 4404.42 12.04 0.04476 89.61946 
5/22/2019 11:41 AM 4402.00 12.04 0.04473 89.57018 
5/22/2019 11:42 AM 4416.76 12.04 0.04488 89.87049 
5/22/2019 11:43 AM 4438.24 12.04 0.04510 90.30747 
5/22/2019 11:44 AM 4397.84 12.04 0.04469 89.48542 
5/22/2019 11:45 AM 4497.13 12.04 0.04570 91.50576 
5/22/2019 11:46 AM 4798.06 12.04 0.04876 97.62898 
5/22/2019 11:47 AM 1220.91 12.04 0.01241 24.84268 
5/22/2019 11:48 AM 557.64 12.04 0.00567 11.34667 
5/22/2019 11:49 AM 589.68 12.04 0.00599 11.99863 
5/22/2019 11:50 AM 383.17 12.04 0.00389 7.79656 
5/22/2019 11:51 AM 438.68 12.04 0.00446 8.92601 
5/22/2019 11:52 AM 376.46 12.04 0.00383 7.66005 
5/22/2019 11:53 AM 320.75 12.04 0.00326 6.52640 
5/22/2019 11:54 AM 339.80 12.04 0.00345 6.91408 
5/22/2019 11:55 AM 345.00 12.04 0.00351 7.02000 
5/22/2019 11:56 AM 349.94 12.04 0.00356 7.12050 
5/22/2019 11:57 AM 288.65 12.04 0.00293 5.87337 
5/22/2019 11:58 AM 225.28 12.04 0.00229 4.58397 







5/22/2019 11:59 AM 263.73 12.04 0.00268 5.36624 
5/22/2019 12:00 PM 271.22 12.04 0.00276 5.51876 
5/22/2019 12:01 PM 267.59 12.04 0.00272 5.44482 
5/22/2019 12:02 PM 194.86 12.04 0.00198 3.96484 
5/22/2019 12:03 PM 199.94 12.04 0.00203 4.06830 
5/22/2019 12:04 PM 165.46 12.04 0.00168 3.36679 
5/22/2019 12:05 PM 208.83 12.04 0.00212 4.24927 
5/22/2019 12:06 PM 202.06 12.04 0.00205 4.11143 
5/22/2019 12:07 PM 165.76 12.04 0.00168 3.37281 
5/22/2019 12:08 PM 194.88 12.04 0.00198 3.96533 
5/22/2019 12:09 PM 272.97 12.04 0.00277 5.55434 
5/22/2019 12:10 PM 196.08 12.04 0.00199 3.98971 
5/22/2019 12:11 PM 226.22 12.04 0.00230 4.60293 
5/22/2019 12:12 PM 167.96 12.04 0.00171 3.41759 
5/22/2019 12:13 PM 132.75 12.04 0.00135 2.70105 
5/22/2019 12:14 PM 259.56 12.04 0.00264 5.28132 
5/22/2019 12:15 PM 155.16 12.04 0.00158 3.15716 
5/22/2019 12:16 PM 209.78 12.04 0.00213 4.26857 
5/22/2019 12:17 PM 250.97 12.04 0.00255 5.10667 
5/22/2019 12:18 PM 167.84 12.04 0.00171 3.41506 
5/22/2019 12:19 PM 126.41 12.04 0.00128 2.57210 
5/22/2019 12:20 PM 205.96 12.04 0.00209 4.19086 
5/22/2019 12:21 PM 134.07 12.04 0.00136 2.72800 
5/22/2019 12:22 PM 157.99 12.04 0.00161 3.21476 
5/22/2019 12:23 PM 165.77 12.04 0.00168 3.37293 
5/22/2019 12:24 PM 100.86 12.04 0.00102 2.05222 
5/22/2019 12:25 PM 197.05 12.04 0.00200 4.00953 
5/22/2019 12:26 PM 203.15 12.04 0.00206 4.13359 
5/22/2019 12:27 PM 168.67 12.04 0.00171 3.43209 
5/22/2019 12:28 PM 142.62 12.04 0.00145 2.90207 
5/22/2019 12:29 PM 292.19 12.04 0.00297 5.94535 
5/22/2019 12:30 PM 121.67 12.04 0.00124 2.47560 
5/22/2019 12:31 PM 142.83 12.04 0.00145 2.90622 
5/22/2019 12:32 PM 131.12 12.04 0.00133 2.66790 
5/22/2019 12:33 PM 51.70 12.04 0.00053 1.05202 
5/22/2019 12:34 PM 185.58 12.04 0.00189 3.77620 
5/22/2019 12:35 PM 168.71 12.04 0.00171 3.43276 
5/22/2019 12:36 PM 187.39 12.04 0.00190 3.81297 
5/22/2019 12:37 PM 209.51 12.04 0.00213 4.26297 
5/22/2019 12:38 PM 222.09 12.04 0.00226 4.51906 
5/22/2019 12:39 PM 140.34 12.04 0.00143 2.85555 
5/22/2019 12:40 PM 159.04 4.43 0.00059 1.19120 
5/22/2019 12:41 PM 165.03 4.43 0.00062 1.23613 
5/22/2019 12:42 PM 220.75 4.43 0.00083 1.65343 
5/22/2019 12:43 PM 171.93 4.43 0.00064 1.28780 
5/22/2019 12:44 PM 178.64 4.43 0.00067 1.33802 
5/22/2019 12:45 PM 80.89 4.43 0.00030 0.60585 







5/22/2019 12:46 PM 4.02 4.43 0.00002 0.03008 
5/22/2019 12:47 PM 0.62 4.43 0.00000 0.00464 
5/22/2019 12:48 PM 0.38 4.43 0.00000 0.00285 
5/22/2019 12:49 PM 0.52 4.43 0.00000 0.00391 
5/22/2019 12:50 PM 3.48 4.43 0.00001 0.02605 
5/22/2019 12:51 PM 0.64 4.43 0.00000 0.00478 
5/22/2019 12:52 PM 0.28 4.43 0.00000 0.00208 
5/22/2019 12:53 PM 6.37 4.43 0.00002 0.04768 
5/22/2019 12:54 PM 9.80 4.43 0.00004 0.07341 
5/22/2019 12:55 PM 22.29 4.43 0.00008 0.16697 
5/22/2019 12:56 PM 0.17 4.43 0.00000 0.00125 
5/22/2019 12:57 PM 0.02 4.43 0.00000 0.00012 
5/22/2019 12:58 PM 0.41 4.43 0.00000 0.00310 
5/22/2019 12:59 PM 0.01 4.43 0.00000 0.00005 
5/22/2019 1:01 PM 0.02 4.43 0.00000 0.00012 
5/22/2019 1:02 PM 0.07 4.43 0.00000 0.00054 
5/22/2019 1:04 PM 0.17 4.43 0.00000 0.00126 
5/22/2019 1:05 PM 0.10 4.43 0.00000 0.00077 
5/22/2019 1:06 PM 0.34 4.43 0.00000 0.00256 
5/22/2019 1:07 PM 0.02 4.43 0.00000 0.00012 
5/22/2019 1:08 PM 3.18 4.43 0.00001 0.02383 
5/22/2019 1:09 PM 15.06 4.43 0.00006 0.11277 
5/22/2019 1:10 PM 16.88 4.43 0.00006 0.12647 
5/22/2019 1:11 PM 0.01 4.43 0.00000 0.00005 
5/22/2019 1:12 PM 0.10 4.43 0.00000 0.00077 
5/22/2019 1:13 PM 0.26 4.43 0.00000 0.00191 
5/22/2019 1:14 PM 30.65 4.43 0.00011 0.22955 
5/22/2019 1:15 PM 13.82 4.43 0.00005 0.10354 
5/22/2019 1:17 PM 167.86 4.43 0.00063 1.25732 
5/22/2019 1:18 PM 658.63 4.43 0.00246 4.93316 
5/22/2019 1:19 PM 2367.45 4.43 0.00886 17.73237 
5/22/2019 1:20 PM 3642.44 4.43 0.01362 27.28217 
5/22/2019 1:21 PM 4216.53 4.43 0.01577 31.58216 
5/22/2019 1:22 PM 4348.33 4.43 0.01627 32.56936 
5/22/2019 1:23 PM 4375.14 4.43 0.01637 32.77013 
5/22/2019 1:24 PM 4450.06 4.43 0.01665 33.33130 
5/22/2019 1:25 PM 4475.41 4.43 0.01674 33.52116 
5/22/2019 1:26 PM 4435.61 4.43 0.01659 33.22310 
5/22/2019 1:27 PM 4447.51 4.43 0.01664 33.31218 
5/22/2019 1:28 PM 4461.34 4.43 0.01669 33.41581 
5/22/2019 1:29 PM 4446.33 4.43 0.01663 33.30334 
5/22/2019 1:30 PM 4444.23 4.43 0.01662 33.28763 
5/22/2019 1:31 PM 4410.69 4.43 0.01650 33.03642 
5/22/2019 1:32 PM 4409.63 4.43 0.01649 33.02851 
5/22/2019 1:33 PM 4294.95 4.43 0.01607 32.16953 
5/22/2019 1:34 PM 4255.54 4.43 0.01592 31.87437 
5/22/2019 1:35 PM 4259.14 4.43 0.01593 31.90131 







5/22/2019 1:36 PM 4232.95 4.43 0.01583 31.70516 
5/22/2019 1:37 PM 4278.17 4.43 0.01600 32.04386 
5/22/2019 1:38 PM 4270.57 4.43 0.01597 31.98687 
5/22/2019 1:39 PM 4296.43 4.43 0.01607 32.18060 
5/22/2019 1:40 PM 4299.76 3.23 0.01172 23.47110 
5/22/2019 1:41 PM 4325.59 3.23 0.01179 23.61207 
5/22/2019 1:42 PM 4286.39 3.23 0.01169 23.39811 
5/22/2019 1:43 PM 4286.12 3.23 0.01168 23.39663 
5/22/2019 1:44 PM 4284.28 3.23 0.01168 23.38658 
5/22/2019 1:45 PM 4296.91 3.23 0.01171 23.45555 
5/22/2019 1:46 PM 4256.42 3.23 0.01160 23.23451 
5/22/2019 1:47 PM 4313.94 3.23 0.01176 23.54850 
5/22/2019 1:48 PM 4275.76 3.23 0.01166 23.34007 
5/22/2019 1:49 PM 4279.55 3.23 0.01167 23.36077 
5/22/2019 1:50 PM 4304.39 3.23 0.01173 23.49639 
5/22/2019 1:51 PM 4228.25 3.23 0.01153 23.08074 
5/22/2019 1:52 PM 4239.65 3.23 0.01156 23.14299 
5/22/2019 1:53 PM 4288.86 3.23 0.01169 23.41161 
5/22/2019 1:54 PM 4311.49 3.23 0.01175 23.53513 
5/22/2019 1:55 PM 4327.38 3.23 0.01180 23.62188 
5/22/2019 1:56 PM 4298.69 3.23 0.01172 23.46524 
5/22/2019 1:57 PM 4311.14 3.23 0.01175 23.53320 
5/22/2019 1:58 PM 4285.26 3.23 0.01168 23.39196 
5/22/2019 1:59 PM 4302.57 3.23 0.01173 23.48644 
5/22/2019 2:00 PM 4254.08 3.23 0.01160 23.22177 
5/22/2019 2:01 PM 4275.49 3.23 0.01166 23.33859 
5/22/2019 2:02 PM 4295.22 3.23 0.01171 23.44634 
5/22/2019 2:03 PM 4307.18 3.23 0.01174 23.51158 
5/22/2019 2:04 PM 4323.96 3.23 0.01179 23.60321 
5/22/2019 2:05 PM 4281.33 3.23 0.01167 23.37049 
5/22/2019 2:06 PM 4286.71 3.23 0.01169 23.39988 
5/22/2019 2:07 PM 4269.38 3.23 0.01164 23.30529 
5/22/2019 2:08 PM 4303.60 3.23 0.01173 23.49204 
5/22/2019 2:09 PM 4283.13 3.23 0.01168 23.38035 
5/22/2019 2:10 PM 4287.14 3.23 0.01169 23.40219 
5/22/2019 2:11 PM 4296.98 3.23 0.01171 23.45593 
5/22/2019 2:12 PM 4286.44 3.23 0.01169 23.39840 
5/22/2019 2:13 PM 4254.77 3.23 0.01160 23.22553 
5/22/2019 2:14 PM 4296.06 3.23 0.01171 23.45091 
5/22/2019 2:15 PM 4299.52 3.23 0.01172 23.46976 
5/22/2019 2:16 PM 4278.80 3.23 0.01166 23.35666 
5/22/2019 2:17 PM 4283.15 3.23 0.01168 23.38046 
5/22/2019 2:18 PM 4262.82 3.23 0.01162 23.26946 
5/22/2019 2:19 PM 4270.51 3.23 0.01164 23.31141 
5/22/2019 2:20 PM 4296.83 3.23 0.01171 23.45508 
5/22/2019 2:21 PM 4301.26 3.23 0.01173 23.47926 
5/22/2019 2:22 PM 4315.83 3.23 0.01177 23.55880 







5/22/2019 2:23 PM 4304.38 3.23 0.01173 23.49631 
5/22/2019 2:24 PM 4318.92 3.23 0.01177 23.57569 
5/22/2019 2:25 PM 4271.24 3.23 0.01164 23.31539 
5/22/2019 2:26 PM 4289.90 3.23 0.01169 23.41728 
5/22/2019 2:27 PM 4281.41 3.23 0.01167 23.37091 
5/22/2019 2:28 PM 4294.50 3.23 0.01171 23.44239 
5/22/2019 2:29 PM 4331.07 3.23 0.01181 23.64202 
5/22/2019 2:30 PM 4352.63 3.23 0.01187 23.75970 
5/22/2019 2:31 PM 4347.87 3.23 0.01185 23.73370 
5/22/2019 2:32 PM 4339.24 3.23 0.01183 23.68662 
5/22/2019 2:33 PM 4355.65 3.23 0.01187 23.77618 
5/22/2019 2:34 PM 4330.55 3.23 0.01181 23.63915 
5/22/2019 2:35 PM 4322.22 3.23 0.01178 23.59368 
5/22/2019 2:36 PM 4275.71 3.23 0.01166 23.33984 
5/22/2019 2:37 PM 4246.57 3.23 0.01158 23.18077 
5/22/2019 2:38 PM 4259.37 3.23 0.01161 23.25061 
5/22/2019 2:39 PM 4272.75 3.23 0.01165 23.32367 
5/22/2019 2:40 PM 4242.22 2.13 0.00763 15.27788 
5/22/2019 2:41 PM 4265.76 2.13 0.00767 15.36266 
5/22/2019 2:42 PM 4265.74 2.13 0.00767 15.36260 
5/22/2019 2:43 PM 4345.49 2.13 0.00782 15.64982 
5/22/2019 2:44 PM 4426.28 2.13 0.00796 15.94074 
5/22/2019 2:45 PM 4382.27 2.13 0.00788 15.78225 
5/22/2019 2:46 PM 4358.37 2.13 0.00784 15.69618 
5/22/2019 2:47 PM 4346.19 2.13 0.00782 15.65232 
5/22/2019 2:48 PM 4367.33 2.13 0.00785 15.72846 
5/22/2019 2:49 PM 4363.86 2.13 0.00785 15.71595 
5/22/2019 2:50 PM 4377.64 2.13 0.00787 15.76557 
5/22/2019 2:51 PM 4366.89 2.13 0.00785 15.72686 
5/22/2019 2:52 PM 4350.31 2.13 0.00782 15.66715 
5/22/2019 2:53 PM 4364.02 2.13 0.00785 15.71652 
5/22/2019 2:54 PM 4400.31 2.13 0.00791 15.84724 
5/22/2019 2:55 PM 4386.74 2.13 0.00789 15.79834 
5/22/2019 2:56 PM 4339.60 2.13 0.00781 15.62861 
5/22/2019 2:57 PM 4347.63 2.13 0.00782 15.65751 
5/22/2019 2:58 PM 4370.75 2.13 0.00786 15.74077 
5/22/2019 2:59 PM 4379.02 2.13 0.00788 15.77054 
5/22/2019 3:00 PM 4362.12 2.13 0.00785 15.70971 
5/22/2019 3:01 PM 4376.49 2.13 0.00787 15.76146 
5/22/2019 3:02 PM 4398.87 2.13 0.00791 15.84205 
5/22/2019 3:03 PM 4429.10 2.13 0.00797 15.95091 
5/22/2019 3:04 PM 4406.36 2.13 0.00793 15.86903 
5/22/2019 3:05 PM 4359.49 2.13 0.00784 15.70024 
5/22/2019 3:06 PM 4336.55 2.13 0.00780 15.61759 
5/22/2019 3:07 PM 4353.41 2.13 0.00783 15.67832 
5/22/2019 3:08 PM 4351.83 2.13 0.00783 15.67262 
5/22/2019 3:09 PM 4325.67 2.13 0.00778 15.57842 







5/22/2019 3:10 PM 4369.64 2.13 0.00786 15.73677 
5/22/2019 3:11 PM 4369.35 2.13 0.00786 15.73574 
5/22/2019 3:12 PM 4370.23 2.13 0.00786 15.73889 
5/22/2019 3:13 PM 4363.00 2.13 0.00785 15.71286 
5/22/2019 3:14 PM 4370.85 2.13 0.00786 15.74112 
5/22/2019 3:15 PM 4365.44 2.13 0.00785 15.72165 
5/22/2019 3:16 PM 4324.59 2.13 0.00778 15.57454 
5/22/2019 3:17 PM 4349.96 2.13 0.00782 15.66590 
5/22/2019 3:18 PM 4384.11 2.13 0.00789 15.78888 
5/22/2019 3:19 PM 4343.39 2.13 0.00781 15.64225 
5/22/2019 3:20 PM 4367.74 2.13 0.00786 15.72993 
5/22/2019 3:21 PM 4336.71 2.13 0.00780 15.61818 
5/22/2019 3:22 PM 4320.55 2.13 0.00777 15.56000 
5/22/2019 3:23 PM 4331.47 2.13 0.00779 15.59933 
5/22/2019 3:24 PM 4300.38 2.13 0.00773 15.48734 
5/22/2019 3:25 PM 4317.24 2.13 0.00776 15.54808 
5/22/2019 3:26 PM 4331.32 2.13 0.00779 15.59876 
5/22/2019 3:27 PM 4342.86 2.13 0.00781 15.64034 
5/22/2019 3:28 PM 4329.88 2.13 0.00779 15.59357 
5/22/2019 3:29 PM 4328.89 2.13 0.00779 15.59001 
5/22/2019 3:30 PM 4308.72 2.13 0.00775 15.51738 
5/22/2019 3:31 PM 4334.25 2.13 0.00780 15.60932 
5/22/2019 3:32 PM 4347.35 2.13 0.00782 15.65651 
5/22/2019 3:33 PM 4367.44 2.13 0.00786 15.72887 
5/22/2019 3:34 PM 4343.34 2.13 0.00781 15.64206 
5/22/2019 3:35 PM 4326.47 2.13 0.00778 15.58132 
5/22/2019 3:36 PM 4321.43 2.13 0.00777 15.56314 
5/22/2019 3:37 PM 4334.66 2.13 0.00780 15.61081 
5/22/2019 3:38 PM 4341.64 2.13 0.00781 15.63593 
5/22/2019 3:39 PM 4328.16 2.13 0.00778 15.58740 
5/22/2019 3:40 PM 4324.22 0.39 0.00144 2.87933 
5/22/2019 3:41 PM 4333.77 0.39 0.00144 2.88569 
5/22/2019 3:42 PM 4359.81 0.39 0.00145 2.90303 
5/22/2019 3:43 PM 4404.15 0.39 0.00146 2.93255 
5/22/2019 3:44 PM 4365.99 0.39 0.00145 2.90714 
5/22/2019 3:45 PM 4360.37 0.39 0.00145 2.90340 
5/22/2019 3:46 PM 4317.90 0.39 0.00144 2.87512 
5/22/2019 3:47 PM 4330.13 0.39 0.00144 2.88326 
5/22/2019 3:48 PM 4361.09 0.39 0.00145 2.90387 
5/22/2019 3:49 PM 4357.11 0.39 0.00145 2.90122 
5/22/2019 3:50 PM 4335.55 0.39 0.00144 2.88687 
5/22/2019 3:51 PM 4345.28 0.39 0.00144 2.89335 
5/22/2019 3:52 PM 4296.00 0.39 0.00143 2.86054 
5/22/2019 3:53 PM 4343.70 0.39 0.00144 2.89230 
5/22/2019 3:54 PM 4279.73 0.39 0.00142 2.84970 
5/22/2019 3:55 PM 4285.93 0.39 0.00143 2.85383 
5/22/2019 3:56 PM 4307.80 0.39 0.00143 2.86839 







5/22/2019 3:57 PM 4296.84 0.39 0.00143 2.86109 
5/22/2019 3:58 PM 4310.09 0.39 0.00143 2.86991 
5/22/2019 3:59 PM 4270.21 0.39 0.00142 2.84336 
5/22/2019 4:00 PM 4318.18 0.39 0.00144 2.87530 
5/22/2019 4:01 PM 4321.45 0.39 0.00144 2.87748 
5/22/2019 4:02 PM 4293.19 0.39 0.00143 2.85866 
5/22/2019 4:03 PM 4289.61 0.39 0.00143 2.85628 
5/22/2019 4:04 PM 4316.42 0.39 0.00144 2.87413 
5/22/2019 4:05 PM 4332.94 0.39 0.00144 2.88513 
5/22/2019 4:06 PM 4322.84 0.39 0.00144 2.87841 
5/22/2019 4:07 PM 4310.78 0.39 0.00143 2.87037 
5/22/2019 4:08 PM 4286.69 0.39 0.00143 2.85433 
5/22/2019 4:09 PM 4304.32 0.39 0.00143 2.86608 
5/22/2019 4:10 PM 4322.19 0.39 0.00144 2.87797 
5/22/2019 4:11 PM 4325.37 0.39 0.00144 2.88009 
5/22/2019 4:12 PM 4328.84 0.39 0.00144 2.88240 
5/22/2019 4:13 PM 4338.78 0.39 0.00144 2.88902 
5/22/2019 4:14 PM 4310.61 0.39 0.00143 2.87026 
5/22/2019 4:15 PM 4331.94 0.39 0.00144 2.88447 
5/22/2019 4:16 PM 4340.31 0.39 0.00144 2.89004 
5/22/2019 4:17 PM 4372.08 0.39 0.00145 2.91119 
5/22/2019 4:18 PM 4331.07 0.39 0.00144 2.88389 
5/22/2019 4:19 PM 4357.58 0.39 0.00145 2.90154 
5/22/2019 4:20 PM 4339.21 0.39 0.00144 2.88930 
5/22/2019 4:21 PM 4330.54 0.39 0.00144 2.88354 
5/22/2019 4:22 PM 4324.05 0.39 0.00144 2.87921 
5/22/2019 4:23 PM 4284.34 0.39 0.00142 2.85277 
5/22/2019 4:24 PM 4275.18 0.39 0.00142 2.84667 
5/22/2019 4:25 PM 4278.67 0.39 0.00142 2.84899 
5/22/2019 4:26 PM 4325.62 0.39 0.00144 2.88026 
5/22/2019 4:27 PM 4346.68 0.39 0.00145 2.89428 
5/22/2019 4:28 PM 4361.34 0.39 0.00145 2.90404 
5/22/2019 4:29 PM 4334.26 0.39 0.00144 2.88601 
5/22/2019 4:30 PM 4352.58 0.39 0.00145 2.89821 
5/22/2019 4:31 PM 4331.26 0.39 0.00144 2.88402 
5/22/2019 4:32 PM 4276.71 0.39 0.00142 2.84769 
5/22/2019 4:33 PM 4295.34 0.39 0.00143 2.86010 
5/22/2019 4:34 PM 4295.96 0.39 0.00143 2.86051 
5/22/2019 4:35 PM 4293.46 0.39 0.00143 2.85884 
5/22/2019 4:36 PM 4282.43 0.39 0.00142 2.85150 
5/22/2019 4:37 PM 4341.30 0.39 0.00144 2.89070 
5/22/2019 4:38 PM 4332.04 0.39 0.00144 2.88453 
5/22/2019 4:39 PM 4332.75 0.39 0.00144 2.88500 
5/22/2019 4:40 PM 4342.66 0.02 0.00006 0.11743 
5/22/2019 4:41 PM 4341.35 0.02 0.00006 0.11739 
5/22/2019 4:42 PM 4331.39 0.02 0.00006 0.11712 
5/22/2019 4:43 PM 4338.69 0.02 0.00006 0.11732 







5/22/2019 4:44 PM 4370.27 0.02 0.00006 0.11817 
5/22/2019 4:45 PM 4336.96 0.02 0.00006 0.11727 
5/22/2019 4:46 PM 4309.38 0.02 0.00006 0.11653 
5/22/2019 4:47 PM 4321.09 0.02 0.00006 0.11684 
5/22/2019 4:48 PM 4348.41 0.02 0.00006 0.11758 
5/22/2019 4:49 PM 4357.83 0.02 0.00006 0.11784 
5/22/2019 4:50 PM 4351.31 0.02 0.00006 0.11766 
5/22/2019 4:51 PM 4351.93 0.02 0.00006 0.11768 
5/22/2019 4:52 PM 4325.93 0.02 0.00006 0.11697 
5/22/2019 4:53 PM 4339.48 0.02 0.00006 0.11734 
5/22/2019 4:54 PM 4328.07 0.02 0.00006 0.11703 
5/22/2019 4:55 PM 4360.96 0.02 0.00006 0.11792 
5/22/2019 4:56 PM 4373.03 0.02 0.00006 0.11825 
5/22/2019 4:57 PM 4394.05 0.02 0.00006 0.11882 
5/22/2019 4:58 PM 4384.51 0.02 0.00006 0.11856 
5/22/2019 4:59 PM 4352.73 0.02 0.00006 0.11770 
5/22/2019 5:00 PM 4356.79 0.02 0.00006 0.11781 
5/22/2019 5:01 PM 4350.24 0.02 0.00006 0.11763 
5/22/2019 5:02 PM 4343.68 0.02 0.00006 0.11745 
5/22/2019 5:03 PM 4409.59 0.02 0.00006 0.11924 
5/22/2019 5:04 PM 4390.04 0.02 0.00006 0.11871 
5/22/2019 5:05 PM 4360.15 0.02 0.00006 0.11790 
5/22/2019 5:06 PM 4333.85 0.02 0.00006 0.11719 
5/22/2019 5:07 PM 4334.28 0.02 0.00006 0.11720 
5/22/2019 5:08 PM 4353.26 0.02 0.00006 0.11771 
5/22/2019 5:09 PM 2825.05 0.02 0.00004 0.07639 


 
















 


 


 


 


 


 
APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(June 2, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on June 2, 2019, at approximately 
0448 hours and lasted intermittently, until June 2, 2019, at approximately 2343 
hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 29.17 tons (~ 58,337 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  







 


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
 
Response:  


 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 
consistent with minimizing the duration and emissions from the Incident.  


    
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 


of that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(June 2, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


June 2, 2019 Time: ~ 0448 hours 


Incident End 
Date: 


June 2, 2019 Time:  ~ 2343 hours 


Investigation 
Start Date: 


June 2, 2019 
Incident 
Duration: 


1,107 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 58,337 tons: 29.17 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


6/2/2019 0448-2343 hours^ 1,107 HP Flare (SN-822) 
^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Chris Thomas Operations Area 2 Supervisor  
2. Jeff Savage Maintenance Execution Superintendent 
3. Alex Hulsey Environmental Specialist 


 
 
Incident Date, Time, & Emissions: 
 
On June 2, 2019, emissions associated with this hydrocarbon flaring incident began at 
approximately 0448 hours and occurred intermittently from the High Pressure (HP) Flare 
(Emission Source Number SN-822) until approximately 2343 hours later that same day.  During 
this period, the El Dorado Refinery (EDR) released approximately 58,337 lbs (29.77 tons) of sulfur 
dioxide (SO2) emissions based on the equations presented in the Consent Decree for determining 
SO2 releases from hydrocarbon (HC) flaring.  The initial investigation of this incident commenced 
on June 2, 2019. 
 
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (June 2, 2019) 
Investigation and Root Cause 
 
Investigation and Analysis: 
 
On June 2, 2019, at approximately 0448 hours, the HP Flare Gas Recovery Unit (FGRU) skid 
experienced an unplanned shutdown due to a loss of the HP FGRU seal flush circuit.  El Dorado 
Refinery (EDR) Maintenance personnel worked around the clock to safely fabricate and install a 
new one-inch piping section on the seal flush system.  In addition, repairs were also made during 
this time period to the HP FGRU Middle Compressor while the skid was offline.  After both repairs 
where successfully completed, the HP Flare skid was safely placed back in service per operating 
procedures and thus, the flaring event ended. 
 
Root Causes: 
    
The HP FGRU Skid was taken offline due to a piping failure of the HP FGRU seal flush circuit.  
With the skid isolated to conduct the necessary repairs, flare gas could not be recovered which 
resulted in a HP flaring event. 
 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Maintenance and Operations to 
develop a work plan procedure 
for maintenance activities at the 
HP and LP FGRU skids in order 


to reduce unit downtime and 
reduce flare system loading. 


Tony Hooks Production 
Superintendent 


6/10/19 6/13/19 


Maintenance safely removed 
faulty piping and installed a new 


section. 


Jeff Savage 
Maintenance 


Execution 
Superintendent 


6/2/19 6/2/19 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(June 2, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


High Pressure Flare (SN-822) 29.2 


Event (Total) ~ 29.2 


Average SO2 
Emission Rate 


(lb/hr) 


High Pressure Flare (SN-822) 3,168 


Event (Total) 3,168 


 
 
The data that supports the event overview table above is as follows for the High Pressure Flare 
(SN-822). 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


6/2/2019 4:48 AM 139.97 0.09 0.00001 0.02153 
6/2/2019 4:49 AM 5519.83 0.09 0.00042 0.84889 
6/2/2019 4:50 AM 5818.80 0.09 0.00045 0.89487 
6/2/2019 4:51 AM 5548.07 0.09 0.00043 0.85324 
6/2/2019 4:52 AM 5028.39 0.09 0.00039 0.77332 
6/2/2019 4:53 AM 4604.15 0.09 0.00035 0.70807 
6/2/2019 4:54 AM 4599.61 0.09 0.00035 0.70737 
6/2/2019 4:55 AM 4640.82 0.09 0.00036 0.71371 
6/2/2019 4:56 AM 4766.41 0.09 0.00037 0.73303 
6/2/2019 4:57 AM 4786.30 0.09 0.00037 0.73608 
6/2/2019 4:58 AM 4774.94 0.09 0.00037 0.73434 
6/2/2019 4:59 AM 4863.35 0.09 0.00037 0.74793 
6/2/2019 5:00 AM 4906.70 0.09 0.00038 0.75460 
6/2/2019 5:01 AM 4734.00 0.09 0.00036 0.72804 
6/2/2019 5:02 AM 4741.26 0.09 0.00036 0.72916 
6/2/2019 5:03 AM 4750.82 0.09 0.00036 0.73063 
6/2/2019 5:04 AM 4791.42 0.09 0.00037 0.73687 
6/2/2019 5:05 AM 4859.79 0.09 0.00037 0.74739 







6/2/2019 5:06 AM 4914.51 0.09 0.00038 0.75580 
6/2/2019 5:07 AM 4815.38 0.09 0.00037 0.74056 
6/2/2019 5:08 AM 4718.08 0.09 0.00036 0.72559 
6/2/2019 5:09 AM 4604.15 0.09 0.00035 0.70807 
6/2/2019 5:10 AM 4708.17 0.09 0.00036 0.72407 
6/2/2019 5:11 AM 4731.41 0.09 0.00036 0.72764 
6/2/2019 5:12 AM 4694.42 0.09 0.00036 0.72195 
6/2/2019 5:13 AM 4695.18 0.09 0.00036 0.72207 
6/2/2019 5:14 AM 4685.85 0.09 0.00036 0.72064 
6/2/2019 5:15 AM 4696.91 0.09 0.00036 0.72234 
6/2/2019 5:16 AM 4689.55 0.09 0.00036 0.72121 
6/2/2019 5:17 AM 4695.13 0.09 0.00036 0.72206 
6/2/2019 5:18 AM 4678.60 0.09 0.00036 0.71952 
6/2/2019 5:19 AM 4671.69 0.09 0.00036 0.71846 
6/2/2019 5:20 AM 4719.87 0.09 0.00036 0.72587 
6/2/2019 5:21 AM 4701.97 0.09 0.00036 0.72312 
6/2/2019 5:22 AM 4564.64 0.09 0.00035 0.70200 
6/2/2019 5:23 AM 4592.51 0.09 0.00035 0.70628 
6/2/2019 5:24 AM 4767.95 0.09 0.00037 0.73326 
6/2/2019 5:25 AM 4862.79 0.09 0.00037 0.74785 
6/2/2019 5:26 AM 4807.71 0.09 0.00037 0.73938 
6/2/2019 5:27 AM 4684.36 0.09 0.00036 0.72041 
6/2/2019 5:28 AM 4716.07 0.09 0.00036 0.72528 
6/2/2019 5:29 AM 4682.69 0.09 0.00036 0.72015 
6/2/2019 5:30 AM 4620.17 0.09 0.00035 0.71054 
6/2/2019 5:31 AM 4592.30 0.09 0.00035 0.70625 
6/2/2019 5:32 AM 4979.76 0.09 0.00038 0.76584 
6/2/2019 5:33 AM 4765.80 0.09 0.00037 0.73293 
6/2/2019 5:34 AM 4702.24 0.09 0.00036 0.72316 
6/2/2019 5:35 AM 4680.26 0.09 0.00036 0.71978 
6/2/2019 5:36 AM 4625.47 0.09 0.00036 0.71135 
6/2/2019 5:37 AM 4652.44 0.09 0.00036 0.71550 
6/2/2019 5:38 AM 4674.48 0.09 0.00036 0.71889 
6/2/2019 5:39 AM 4757.27 0.09 0.00037 0.73162 
6/2/2019 5:40 AM 4962.05 0.09 0.00038 0.76311 
6/2/2019 5:41 AM 4832.06 0.09 0.00037 0.74312 
6/2/2019 5:42 AM 4678.66 0.09 0.00036 0.71953 
6/2/2019 5:43 AM 4680.15 0.09 0.00036 0.71976 
6/2/2019 5:44 AM 4865.72 0.09 0.00037 0.74830 
6/2/2019 5:45 AM 4815.98 0.09 0.00037 0.74065 
6/2/2019 5:46 AM 4786.52 0.09 0.00037 0.73612 
6/2/2019 5:47 AM 4706.56 0.09 0.00036 0.72382 
6/2/2019 5:48 AM 4705.66 0.09 0.00036 0.72368 
6/2/2019 5:49 AM 4542.81 0.09 0.00035 0.69864 
6/2/2019 5:50 AM 4495.58 0.09 0.00035 0.69138 
6/2/2019 5:51 AM 4745.49 0.46 0.00183 3.66509 
6/2/2019 5:52 AM 4915.51 0.46 0.00190 3.79639 







6/2/2019 5:53 AM 4847.60 0.46 0.00187 3.74395 
6/2/2019 5:54 AM 4869.11 0.46 0.00188 3.76056 
6/2/2019 5:55 AM 4802.11 0.46 0.00185 3.70882 
6/2/2019 5:56 AM 4812.43 0.46 0.00186 3.71678 
6/2/2019 5:57 AM 4821.26 0.46 0.00186 3.72360 
6/2/2019 5:58 AM 4657.89 0.46 0.00180 3.59743 
6/2/2019 5:59 AM 4637.58 0.46 0.00179 3.58174 
6/2/2019 6:00 AM 4673.50 0.46 0.00180 3.60949 
6/2/2019 6:01 AM 4709.15 0.46 0.00182 3.63702 
6/2/2019 6:02 AM 4807.64 0.46 0.00185 3.71309 
6/2/2019 6:03 AM 4932.92 0.46 0.00190 3.80984 
6/2/2019 6:04 AM 5022.79 0.46 0.00194 3.87925 
6/2/2019 6:05 AM 4730.10 0.46 0.00182 3.65320 
6/2/2019 6:06 AM 4618.12 0.46 0.00178 3.56672 
6/2/2019 6:07 AM 4694.87 0.46 0.00181 3.62599 
6/2/2019 6:08 AM 4808.84 0.46 0.00185 3.71401 
6/2/2019 6:09 AM 4707.66 0.46 0.00182 3.63587 
6/2/2019 6:10 AM 4751.42 0.46 0.00183 3.66966 
6/2/2019 6:11 AM 4695.18 0.46 0.00181 3.62623 
6/2/2019 6:12 AM 4571.78 0.46 0.00176 3.53093 
6/2/2019 6:13 AM 4604.56 0.46 0.00178 3.55624 
6/2/2019 6:14 AM 4629.54 0.46 0.00179 3.57554 
6/2/2019 6:15 AM 4724.48 0.46 0.00182 3.64886 
6/2/2019 6:16 AM 4887.97 0.46 0.00189 3.77513 
6/2/2019 6:17 AM 4847.38 0.46 0.00187 3.74378 
6/2/2019 6:18 AM 4758.80 0.46 0.00184 3.67536 
6/2/2019 6:19 AM 4890.56 0.46 0.00189 3.77713 
6/2/2019 6:20 AM 4875.00 0.46 0.00188 3.76511 
6/2/2019 6:21 AM 4902.74 0.46 0.00189 3.78653 
6/2/2019 6:22 AM 4902.69 0.46 0.00189 3.78649 
6/2/2019 6:23 AM 4798.20 0.46 0.00185 3.70580 
6/2/2019 6:24 AM 4919.93 0.46 0.00190 3.79981 
6/2/2019 6:25 AM 4911.74 0.46 0.00189 3.79348 
6/2/2019 6:26 AM 4938.57 0.46 0.00190 3.81420 
6/2/2019 6:27 AM 4871.65 0.46 0.00188 3.76253 
6/2/2019 6:28 AM 4892.96 0.46 0.00189 3.77898 
6/2/2019 6:29 AM 4868.57 0.46 0.00188 3.76014 
6/2/2019 6:30 AM 4716.47 0.46 0.00182 3.64267 
6/2/2019 6:31 AM 4727.08 0.46 0.00182 3.65087 
6/2/2019 6:32 AM 4834.09 0.46 0.00186 3.73351 
6/2/2019 6:33 AM 4790.24 0.46 0.00185 3.69964 
6/2/2019 6:34 AM 4925.72 0.46 0.00190 3.80428 
6/2/2019 6:35 AM 4849.11 0.46 0.00187 3.74512 
6/2/2019 6:36 AM 4769.30 0.46 0.00184 3.68347 
6/2/2019 6:37 AM 4682.13 0.46 0.00181 3.61615 
6/2/2019 6:38 AM 4764.05 0.46 0.00184 3.67942 
6/2/2019 6:39 AM 4880.61 0.46 0.00188 3.76944 







6/2/2019 6:40 AM 4886.20 0.46 0.00188 3.77376 
6/2/2019 6:41 AM 4837.40 0.46 0.00187 3.73607 
6/2/2019 6:42 AM 4839.67 0.46 0.00187 3.73783 
6/2/2019 6:43 AM 4765.95 0.46 0.00184 3.68089 
6/2/2019 6:44 AM 4864.35 0.46 0.00188 3.75688 
6/2/2019 6:45 AM 4814.52 0.46 0.00186 3.71840 
6/2/2019 6:46 AM 4851.49 0.46 0.00187 3.74695 
6/2/2019 6:47 AM 4888.69 0.46 0.00189 3.77568 
6/2/2019 6:48 AM 4864.57 0.46 0.00188 3.75705 
6/2/2019 6:49 AM 4649.40 0.46 0.00179 3.59087 
6/2/2019 6:50 AM 4646.93 0.46 0.00179 3.58896 
6/2/2019 6:51 AM 4642.57 5.01 0.01963 39.30814 
6/2/2019 6:52 AM 4619.38 5.01 0.01953 39.11182 
6/2/2019 6:53 AM 4638.71 5.01 0.01961 39.27553 
6/2/2019 6:54 AM 4786.57 5.01 0.02024 40.52744 
6/2/2019 6:55 AM 4825.72 5.01 0.02041 40.85889 
6/2/2019 6:56 AM 4902.42 5.01 0.02073 41.50826 
6/2/2019 6:57 AM 4999.22 5.01 0.02114 42.32793 
6/2/2019 6:58 AM 4699.64 5.01 0.01987 39.79135 
6/2/2019 6:59 AM 4771.73 5.01 0.02018 40.40178 
6/2/2019 7:00 AM 4794.15 5.01 0.02027 40.59156 
6/2/2019 7:01 AM 4733.34 5.01 0.02001 40.07672 
6/2/2019 7:02 AM 4774.91 5.01 0.02019 40.42867 
6/2/2019 7:03 AM 4794.42 5.01 0.02027 40.59386 
6/2/2019 7:04 AM 4781.81 5.01 0.02022 40.48712 
6/2/2019 7:05 AM 4597.98 5.01 0.01944 38.93065 
6/2/2019 7:06 AM 4583.84 5.01 0.01938 38.81089 
6/2/2019 7:07 AM 4584.94 5.01 0.01939 38.82026 
6/2/2019 7:08 AM 4622.58 5.01 0.01955 39.13891 
6/2/2019 7:09 AM 4678.07 5.01 0.01978 39.60877 
6/2/2019 7:10 AM 4786.32 5.01 0.02024 40.52527 
6/2/2019 7:11 AM 4776.30 5.01 0.02020 40.44045 
6/2/2019 7:12 AM 4769.69 5.01 0.02017 40.38450 
6/2/2019 7:13 AM 4604.43 5.01 0.01947 38.98521 
6/2/2019 7:14 AM 4641.69 5.01 0.01963 39.30073 
6/2/2019 7:15 AM 4758.87 5.01 0.02012 40.29290 
6/2/2019 7:16 AM 4813.31 5.01 0.02035 40.75379 
6/2/2019 7:17 AM 4766.97 5.01 0.02016 40.36144 
6/2/2019 7:18 AM 4770.26 5.01 0.02017 40.38927 
6/2/2019 7:19 AM 4753.82 5.01 0.02010 40.25008 
6/2/2019 7:20 AM 4618.63 5.01 0.01953 39.10546 
6/2/2019 7:21 AM 4653.30 5.01 0.01968 39.39900 
6/2/2019 7:22 AM 4443.37 5.01 0.01879 37.62157 
6/2/2019 7:23 AM 4383.52 5.01 0.01854 37.11479 
6/2/2019 7:24 AM 4660.61 5.01 0.01971 39.46088 
6/2/2019 7:25 AM 4586.20 5.01 0.01939 38.83092 
6/2/2019 7:26 AM 4835.01 5.01 0.02044 40.93756 







6/2/2019 7:27 AM 4749.74 5.01 0.02008 40.21558 
6/2/2019 7:28 AM 4558.83 5.01 0.01928 38.59912 
6/2/2019 7:29 AM 4570.57 5.01 0.01933 38.69856 
6/2/2019 7:30 AM 4609.39 5.01 0.01949 39.02723 
6/2/2019 7:31 AM 4669.89 5.01 0.01975 39.53950 
6/2/2019 7:32 AM 4741.39 5.01 0.02005 40.14484 
6/2/2019 7:33 AM 4761.28 5.01 0.02013 40.31330 
6/2/2019 7:34 AM 4675.59 5.01 0.01977 39.58774 
6/2/2019 7:35 AM 4547.47 5.01 0.01923 38.50301 
6/2/2019 7:36 AM 4614.83 5.01 0.01951 39.07333 
6/2/2019 7:37 AM 4614.46 5.01 0.01951 39.07019 
6/2/2019 7:38 AM 4746.98 5.01 0.02007 40.19219 
6/2/2019 7:39 AM 4797.65 5.01 0.02029 40.62125 
6/2/2019 7:40 AM 4947.23 5.01 0.02092 41.88768 
6/2/2019 7:41 AM 4752.65 5.01 0.02010 40.24023 
6/2/2019 7:42 AM 4718.06 5.01 0.01995 39.94738 
6/2/2019 7:43 AM 4739.55 5.01 0.02004 40.12933 
6/2/2019 7:44 AM 4761.70 5.01 0.02013 40.31687 
6/2/2019 7:45 AM 4663.87 5.01 0.01972 39.48853 
6/2/2019 7:46 AM 4593.16 5.01 0.01942 38.88987 
6/2/2019 7:47 AM 4751.50 5.01 0.02009 40.23044 
6/2/2019 7:48 AM 4681.70 5.01 0.01980 39.63952 
6/2/2019 7:49 AM 4672.80 5.01 0.01976 39.56413 
6/2/2019 7:50 AM 4697.62 5.01 0.01986 39.77426 
6/2/2019 7:51 AM 4656.95 8.46 0.03325 66.58221 
6/2/2019 7:52 AM 4647.33 8.46 0.03318 66.44473 
6/2/2019 7:53 AM 4665.42 8.46 0.03331 66.70341 
6/2/2019 7:54 AM 4645.73 8.46 0.03317 66.42193 
6/2/2019 7:55 AM 4677.86 8.46 0.03340 66.88128 
6/2/2019 7:56 AM 4652.74 8.46 0.03322 66.52209 
6/2/2019 7:57 AM 4693.02 8.46 0.03351 67.09801 
6/2/2019 7:58 AM 4593.05 8.46 0.03280 65.66863 
6/2/2019 7:59 AM 4536.49 8.46 0.03239 64.86002 
6/2/2019 8:00 AM 4701.68 8.46 0.03357 67.22174 
6/2/2019 8:01 AM 4695.22 8.46 0.03352 67.12943 
6/2/2019 8:02 AM 4621.35 8.46 0.03300 66.07324 
6/2/2019 8:03 AM 4620.45 8.46 0.03299 66.06040 
6/2/2019 8:04 AM 4642.92 8.46 0.03315 66.38168 
6/2/2019 8:05 AM 4655.94 8.46 0.03324 66.56782 
6/2/2019 8:06 AM 4663.96 8.46 0.03330 66.68257 
6/2/2019 8:07 AM 4680.32 8.46 0.03342 66.91635 
6/2/2019 8:08 AM 4675.26 8.46 0.03338 66.84412 
6/2/2019 8:09 AM 4705.78 8.46 0.03360 67.28042 
6/2/2019 8:10 AM 4663.97 8.46 0.03330 66.68265 
6/2/2019 8:11 AM 4753.19 8.46 0.03394 67.95831 
6/2/2019 8:12 AM 4870.04 8.46 0.03477 69.62886 
6/2/2019 8:13 AM 4831.82 8.46 0.03450 69.08246 







6/2/2019 8:14 AM 4830.25 8.46 0.03449 69.05995 
6/2/2019 8:15 AM 4744.46 8.46 0.03388 67.83347 
6/2/2019 8:16 AM 4655.75 8.46 0.03324 66.56512 
6/2/2019 8:17 AM 4649.45 8.46 0.03320 66.47506 
6/2/2019 8:18 AM 4677.35 8.46 0.03340 66.87391 
6/2/2019 8:19 AM 4654.15 8.46 0.03323 66.54222 
6/2/2019 8:20 AM 4638.13 8.46 0.03312 66.31327 
6/2/2019 8:21 AM 4654.74 8.46 0.03324 66.55062 
6/2/2019 8:22 AM 4633.85 8.46 0.03309 66.25194 
6/2/2019 8:23 AM 4622.02 8.46 0.03300 66.08287 
6/2/2019 8:24 AM 4435.72 8.46 0.03167 63.41920 
6/2/2019 8:25 AM 4558.03 8.46 0.03255 65.16800 
6/2/2019 8:26 AM 4669.80 8.46 0.03334 66.76601 
6/2/2019 8:27 AM 4562.17 8.46 0.03258 65.22720 
6/2/2019 8:28 AM 4491.20 8.46 0.03207 64.21246 
6/2/2019 8:29 AM 4420.72 8.46 0.03157 63.20486 
6/2/2019 8:30 AM 4436.82 8.46 0.03168 63.43500 
6/2/2019 8:31 AM 4425.04 8.46 0.03160 63.26653 
6/2/2019 8:32 AM 4490.88 8.46 0.03207 64.20794 
6/2/2019 8:33 AM 4545.57 8.46 0.03246 64.98980 
6/2/2019 8:34 AM 4575.67 8.46 0.03267 65.42020 
6/2/2019 8:35 AM 4658.92 8.46 0.03327 66.61038 
6/2/2019 8:36 AM 4770.77 8.46 0.03406 68.20967 
6/2/2019 8:37 AM 4693.21 8.46 0.03351 67.10075 
6/2/2019 8:38 AM 4551.80 8.46 0.03250 65.07887 
6/2/2019 8:39 AM 4574.26 8.46 0.03266 65.40000 
6/2/2019 8:40 AM 4684.09 8.46 0.03345 66.97034 
6/2/2019 8:41 AM 4711.35 8.46 0.03364 67.36004 
6/2/2019 8:42 AM 4701.15 8.46 0.03357 67.21424 
6/2/2019 8:43 AM 4686.29 8.46 0.03346 67.00169 
6/2/2019 8:44 AM 4672.60 8.46 0.03336 66.80605 
6/2/2019 8:45 AM 4550.80 8.46 0.03249 65.06463 
6/2/2019 8:46 AM 4474.84 8.46 0.03195 63.97855 
6/2/2019 8:47 AM 4547.37 8.46 0.03247 65.01554 
6/2/2019 8:48 AM 4498.43 8.46 0.03212 64.31581 
6/2/2019 8:49 AM 4694.65 8.46 0.03352 67.12124 
6/2/2019 8:50 AM 4721.68 8.46 0.03371 67.50771 
6/2/2019 8:51 AM 4672.47 4.70 0.01853 37.11346 
6/2/2019 8:52 AM 4658.49 4.70 0.01848 37.00240 
6/2/2019 8:53 AM 4677.00 4.70 0.01855 37.14937 
6/2/2019 8:54 AM 4649.61 4.70 0.01844 36.93184 
6/2/2019 8:55 AM 4683.03 4.70 0.01858 37.19729 
6/2/2019 8:56 AM 4629.17 4.70 0.01836 36.76953 
6/2/2019 8:57 AM 4681.47 4.70 0.01857 37.18491 
6/2/2019 8:58 AM 4669.51 4.70 0.01852 37.08988 
6/2/2019 8:59 AM 4736.10 4.70 0.01879 37.61883 
6/2/2019 9:00 AM 4708.17 4.70 0.01868 37.39696 







6/2/2019 9:01 AM 4481.66 4.70 0.01778 35.59780 
6/2/2019 9:02 AM 4449.27 4.70 0.01765 35.34053 
6/2/2019 9:03 AM 4475.72 4.70 0.01775 35.55064 
6/2/2019 9:04 AM 4450.29 4.70 0.01765 35.34867 
6/2/2019 9:05 AM 4604.94 4.70 0.01827 36.57707 
6/2/2019 9:06 AM 4429.77 4.70 0.01757 35.18564 
6/2/2019 9:07 AM 4463.00 4.70 0.01770 35.44959 
6/2/2019 9:08 AM 4486.08 4.70 0.01780 35.63292 
6/2/2019 9:09 AM 4518.19 4.70 0.01792 35.88798 
6/2/2019 9:10 AM 4634.45 4.70 0.01838 36.81147 
6/2/2019 9:11 AM 4485.96 4.70 0.01779 35.63197 
6/2/2019 9:12 AM 4416.07 4.70 0.01752 35.07683 
6/2/2019 9:13 AM 4410.24 4.70 0.01749 35.03057 
6/2/2019 9:14 AM 4651.52 4.70 0.01845 36.94704 
6/2/2019 9:15 AM 4623.13 4.70 0.01834 36.72154 
6/2/2019 9:16 AM 4634.55 4.70 0.01838 36.81222 
6/2/2019 9:17 AM 4685.03 4.70 0.01858 37.21320 
6/2/2019 9:18 AM 4614.53 4.70 0.01830 36.65325 
6/2/2019 9:19 AM 4471.13 4.70 0.01774 35.51421 
6/2/2019 9:20 AM 4428.64 4.70 0.01757 35.17673 
6/2/2019 9:21 AM 4732.41 4.70 0.01877 37.58953 
6/2/2019 9:22 AM 4721.49 4.70 0.01873 37.50276 
6/2/2019 9:23 AM 4698.50 4.70 0.01864 37.32022 
6/2/2019 9:24 AM 4605.75 4.70 0.01827 36.58349 
6/2/2019 9:25 AM 4557.02 4.70 0.01808 36.19640 
6/2/2019 9:26 AM 4535.12 4.70 0.01799 36.02247 
6/2/2019 9:27 AM 4558.71 4.70 0.01808 36.20981 
6/2/2019 9:28 AM 4571.62 4.70 0.01813 36.31236 
6/2/2019 9:29 AM 4548.47 4.70 0.01804 36.12848 
6/2/2019 9:30 AM 4680.98 4.70 0.01857 37.18104 
6/2/2019 9:31 AM 4501.52 4.70 0.01786 35.75556 
6/2/2019 9:32 AM 4511.29 4.70 0.01790 35.83316 
6/2/2019 9:33 AM 4506.99 4.70 0.01788 35.79905 
6/2/2019 9:34 AM 4668.50 4.70 0.01852 37.08193 
6/2/2019 9:35 AM 4586.71 4.70 0.01819 36.43221 
6/2/2019 9:36 AM 4560.29 4.70 0.01809 36.22236 
6/2/2019 9:37 AM 4553.78 4.70 0.01806 36.17068 
6/2/2019 9:38 AM 4512.73 4.70 0.01790 35.84461 
6/2/2019 9:39 AM 4674.79 4.70 0.01854 37.13189 
6/2/2019 9:40 AM 4704.00 4.70 0.01866 37.36388 
6/2/2019 9:41 AM 4617.99 4.70 0.01832 36.68073 
6/2/2019 9:42 AM 4445.44 4.70 0.01763 35.31011 
6/2/2019 9:43 AM 4455.39 4.70 0.01767 35.38913 
6/2/2019 9:44 AM 4648.92 4.70 0.01844 36.92636 
6/2/2019 9:45 AM 4594.36 4.70 0.01822 36.49301 
6/2/2019 9:46 AM 4531.59 4.70 0.01798 35.99441 
6/2/2019 9:47 AM 4521.42 4.70 0.01794 35.91364 







6/2/2019 9:48 AM 4619.43 4.70 0.01832 36.69210 
6/2/2019 9:49 AM 4647.48 4.70 0.01844 36.91497 
6/2/2019 9:50 AM 4584.88 4.70 0.01819 36.41773 
6/2/2019 9:51 AM 4719.58 8.89 0.03541 70.90744 
6/2/2019 9:52 AM 4731.47 8.89 0.03550 71.08610 
6/2/2019 9:53 AM 4650.33 8.89 0.03489 69.86695 
6/2/2019 9:54 AM 4616.07 8.89 0.03464 69.35233 
6/2/2019 9:55 AM 4608.10 8.89 0.03458 69.23253 
6/2/2019 9:56 AM 4699.86 8.89 0.03526 70.61110 
6/2/2019 9:57 AM 4606.05 8.89 0.03456 69.20172 
6/2/2019 9:58 AM 4517.30 8.89 0.03389 67.86836 
6/2/2019 9:59 AM 4485.93 8.89 0.03366 67.39711 


6/2/2019 10:00 AM 4492.47 8.89 0.03371 67.49533 
6/2/2019 10:01 AM 4629.15 8.89 0.03473 69.54880 
6/2/2019 10:02 AM 4486.53 8.89 0.03366 67.40606 
6/2/2019 10:03 AM 4440.23 8.89 0.03332 66.71042 
6/2/2019 10:04 AM 4428.61 8.89 0.03323 66.53586 
6/2/2019 10:05 AM 4503.42 8.89 0.03379 67.65980 
6/2/2019 10:06 AM 4461.61 8.89 0.03348 67.03169 
6/2/2019 10:07 AM 4434.43 8.89 0.03327 66.62336 
6/2/2019 10:08 AM 4323.26 8.89 0.03244 64.95304 
6/2/2019 10:09 AM 4273.33 8.89 0.03206 64.20293 
6/2/2019 10:10 AM 4351.12 8.89 0.03265 65.37172 
6/2/2019 10:11 AM 4449.07 8.89 0.03338 66.84320 
6/2/2019 10:12 AM 4414.72 8.89 0.03312 66.32715 
6/2/2019 10:13 AM 4520.67 8.89 0.03392 67.91893 
6/2/2019 10:14 AM 4597.84 8.89 0.03450 69.07844 
6/2/2019 10:15 AM 4597.59 8.89 0.03450 69.07472 
6/2/2019 10:16 AM 4562.99 8.89 0.03424 68.55478 
6/2/2019 10:17 AM 4438.71 8.89 0.03330 66.68766 
6/2/2019 10:18 AM 4547.92 8.89 0.03412 68.32834 
6/2/2019 10:19 AM 4581.60 8.89 0.03438 68.83443 
6/2/2019 10:20 AM 4538.25 8.89 0.03405 68.18306 
6/2/2019 10:21 AM 4526.30 8.89 0.03396 68.00361 
6/2/2019 10:22 AM 4428.50 8.89 0.03323 66.53427 
6/2/2019 10:23 AM 4527.70 8.89 0.03397 68.02468 
6/2/2019 10:24 AM 4552.26 8.89 0.03416 68.39364 
6/2/2019 10:25 AM 4517.68 8.89 0.03390 67.87414 
6/2/2019 10:26 AM 4569.49 8.89 0.03429 68.65248 
6/2/2019 10:27 AM 4619.71 8.89 0.03466 69.40706 
6/2/2019 10:28 AM 4590.21 8.89 0.03444 68.96371 
6/2/2019 10:29 AM 4755.19 8.89 0.03568 71.44245 
6/2/2019 10:30 AM 4704.90 8.89 0.03530 70.68686 
6/2/2019 10:31 AM 4558.61 8.89 0.03420 68.48903 
6/2/2019 10:32 AM 4455.79 8.89 0.03343 66.94427 
6/2/2019 10:33 AM 4517.68 8.89 0.03390 67.87406 
6/2/2019 10:34 AM 4562.57 8.89 0.03423 68.54851 







6/2/2019 10:35 AM 4569.35 8.89 0.03428 68.65039 
6/2/2019 10:36 AM 4485.09 8.89 0.03365 67.38441 
6/2/2019 10:37 AM 4534.23 8.89 0.03402 68.12277 
6/2/2019 10:38 AM 4545.06 8.89 0.03410 68.28538 
6/2/2019 10:39 AM 4482.64 8.89 0.03363 67.34769 
6/2/2019 10:40 AM 4358.77 8.89 0.03270 65.48660 
6/2/2019 10:41 AM 4454.04 8.89 0.03342 66.91792 
6/2/2019 10:42 AM 4517.23 8.89 0.03389 67.86728 
6/2/2019 10:43 AM 4516.07 8.89 0.03388 67.84992 
6/2/2019 10:44 AM 4320.86 8.89 0.03242 64.91711 
6/2/2019 10:45 AM 4299.21 8.89 0.03226 64.59178 
6/2/2019 10:46 AM 4299.45 8.89 0.03226 64.59538 
6/2/2019 10:47 AM 4451.70 8.89 0.03340 66.88272 
6/2/2019 10:48 AM 4586.01 8.89 0.03441 68.90071 
6/2/2019 10:49 AM 4539.33 8.89 0.03406 68.19933 
6/2/2019 10:50 AM 4333.63 8.89 0.03252 65.10892 
6/2/2019 10:51 AM 4400.11 8.93 0.03316 66.40507 
6/2/2019 10:52 AM 4505.37 8.93 0.03396 67.99372 
6/2/2019 10:53 AM 4284.77 8.93 0.03229 64.66449 
6/2/2019 10:54 AM 4212.63 8.93 0.03175 63.57576 
6/2/2019 10:55 AM 4331.13 8.93 0.03264 65.36404 
6/2/2019 10:56 AM 4447.93 8.93 0.03352 67.12677 
6/2/2019 10:57 AM 4549.49 8.93 0.03429 68.65958 
6/2/2019 10:58 AM 4476.94 8.93 0.03374 67.56462 
6/2/2019 10:59 AM 4397.64 8.93 0.03314 66.36789 
6/2/2019 11:00 AM 4318.82 8.93 0.03255 65.17829 
6/2/2019 11:01 AM 4215.23 8.93 0.03177 63.61497 
6/2/2019 11:02 AM 4394.50 8.93 0.03312 66.32041 
6/2/2019 11:03 AM 4476.95 8.93 0.03374 67.56480 
6/2/2019 11:04 AM 4518.49 8.93 0.03406 68.19166 
6/2/2019 11:05 AM 4576.57 8.93 0.03449 69.06828 
6/2/2019 11:06 AM 4458.78 8.93 0.03361 67.29057 
6/2/2019 11:07 AM 4379.16 8.93 0.03301 66.08898 
6/2/2019 11:08 AM 4404.90 8.93 0.03320 66.47748 
6/2/2019 11:09 AM 4356.84 8.93 0.03284 65.75207 
6/2/2019 11:10 AM 4343.33 8.93 0.03274 65.54821 
6/2/2019 11:11 AM 4372.92 8.93 0.03296 65.99484 
6/2/2019 11:12 AM 4385.52 8.93 0.03305 66.18493 
6/2/2019 11:13 AM 4497.53 8.93 0.03390 67.87538 
6/2/2019 11:14 AM 4537.50 8.93 0.03420 68.47866 
6/2/2019 11:15 AM 4633.99 8.93 0.03493 69.93475 
6/2/2019 11:16 AM 4651.92 8.93 0.03506 70.20545 
6/2/2019 11:17 AM 4378.93 8.93 0.03300 66.08550 
6/2/2019 11:18 AM 4477.81 8.93 0.03375 67.57778 
6/2/2019 11:19 AM 4536.38 8.93 0.03419 68.46171 
6/2/2019 11:20 AM 4491.93 8.93 0.03386 67.79083 
6/2/2019 11:21 AM 4348.77 8.93 0.03278 65.63031 







6/2/2019 11:22 AM 4294.97 8.93 0.03237 64.81834 
6/2/2019 11:23 AM 4304.45 8.93 0.03244 64.96153 
6/2/2019 11:24 AM 4336.26 8.93 0.03268 65.44146 
6/2/2019 11:25 AM 4353.57 8.93 0.03281 65.70280 
6/2/2019 11:26 AM 4299.11 8.93 0.03240 64.88085 
6/2/2019 11:27 AM 4472.44 8.93 0.03371 67.49671 
6/2/2019 11:28 AM 4499.18 8.93 0.03391 67.90029 
6/2/2019 11:29 AM 4500.08 8.93 0.03392 67.91386 
6/2/2019 11:30 AM 4304.96 8.93 0.03245 64.96923 
6/2/2019 11:31 AM 4333.17 8.93 0.03266 65.39488 
6/2/2019 11:32 AM 4324.74 8.93 0.03260 65.26766 
6/2/2019 11:33 AM 4343.50 8.93 0.03274 65.55077 
6/2/2019 11:34 AM 4354.13 8.93 0.03282 65.71123 
6/2/2019 11:35 AM 4437.06 8.93 0.03344 66.96272 
6/2/2019 11:36 AM 4590.38 8.93 0.03460 69.27661 
6/2/2019 11:37 AM 4338.61 8.93 0.03270 65.47704 
6/2/2019 11:38 AM 4346.13 8.93 0.03276 65.59043 
6/2/2019 11:39 AM 4459.52 8.93 0.03361 67.30175 
6/2/2019 11:40 AM 4447.08 8.93 0.03352 67.11401 
6/2/2019 11:41 AM 4396.98 8.93 0.03314 66.35786 
6/2/2019 11:42 AM 4370.51 8.93 0.03294 65.95839 
6/2/2019 11:43 AM 4404.39 8.93 0.03320 66.46977 
6/2/2019 11:44 AM 4312.80 8.93 0.03251 65.08756 
6/2/2019 11:45 AM 4114.94 8.93 0.03101 62.10141 
6/2/2019 11:46 AM 4139.50 8.93 0.03120 62.47215 
6/2/2019 11:47 AM 4231.55 8.93 0.03189 63.86122 
6/2/2019 11:48 AM 4457.87 8.93 0.03360 67.27677 
6/2/2019 11:49 AM 4622.50 8.93 0.03484 69.76145 
6/2/2019 11:50 AM 4423.98 8.93 0.03334 66.76540 
6/2/2019 11:51 AM 4447.12 8.13 0.03051 61.10212 
6/2/2019 11:52 AM 4409.55 8.13 0.03026 60.58588 
6/2/2019 11:53 AM 4273.43 8.13 0.02932 58.71561 
6/2/2019 11:54 AM 4210.17 8.13 0.02889 57.84651 
6/2/2019 11:55 AM 4278.62 8.13 0.02936 58.78697 
6/2/2019 11:56 AM 4408.05 8.13 0.03025 60.56531 
6/2/2019 11:57 AM 4385.26 8.13 0.03009 60.25209 
6/2/2019 11:58 AM 4404.63 8.13 0.03022 60.51834 
6/2/2019 11:59 AM 4425.52 8.13 0.03037 60.80537 
6/2/2019 12:00 PM 4436.48 8.13 0.03044 60.95588 
6/2/2019 12:01 PM 4398.99 8.13 0.03018 60.44081 
6/2/2019 12:02 PM 4370.95 8.13 0.02999 60.05558 
6/2/2019 12:03 PM 4219.80 8.13 0.02896 57.97879 
6/2/2019 12:04 PM 4220.63 8.13 0.02896 57.99018 
6/2/2019 12:05 PM 4217.68 8.13 0.02894 57.94960 
6/2/2019 12:06 PM 4277.20 8.13 0.02935 58.76742 
6/2/2019 12:07 PM 4312.12 8.13 0.02959 59.24724 
6/2/2019 12:08 PM 4389.74 8.13 0.03012 60.31370 







6/2/2019 12:09 PM 4541.15 8.13 0.03116 62.39401 
6/2/2019 12:10 PM 4491.30 8.13 0.03082 61.70905 
6/2/2019 12:11 PM 4326.90 8.13 0.02969 59.45037 
6/2/2019 12:12 PM 4328.34 8.13 0.02970 59.47012 
6/2/2019 12:13 PM 4339.13 8.13 0.02977 59.61839 
6/2/2019 12:14 PM 4415.44 8.13 0.03030 60.66682 
6/2/2019 12:15 PM 4252.27 8.13 0.02918 58.42486 
6/2/2019 12:16 PM 4249.11 8.13 0.02916 58.38146 
6/2/2019 12:17 PM 4346.96 8.13 0.02983 59.72590 
6/2/2019 12:18 PM 4412.22 8.13 0.03028 60.62253 
6/2/2019 12:19 PM 4402.57 8.13 0.03021 60.48993 
6/2/2019 12:20 PM 4245.58 8.13 0.02913 58.33306 
6/2/2019 12:21 PM 4336.74 8.13 0.02976 59.58550 
6/2/2019 12:22 PM 4384.18 8.13 0.03008 60.23726 
6/2/2019 12:23 PM 4359.03 8.13 0.02991 59.89170 
6/2/2019 12:24 PM 4387.30 8.13 0.03010 60.28012 
6/2/2019 12:25 PM 4424.42 8.13 0.03036 60.79023 
6/2/2019 12:26 PM 4398.17 8.13 0.03018 60.42955 
6/2/2019 12:27 PM 4344.11 8.13 0.02981 59.68675 
6/2/2019 12:28 PM 4303.96 8.13 0.02953 59.13517 
6/2/2019 12:29 PM 4338.69 8.13 0.02977 59.61232 
6/2/2019 12:30 PM 4304.10 8.13 0.02953 59.13709 
6/2/2019 12:31 PM 4301.15 8.13 0.02951 59.09648 
6/2/2019 12:32 PM 4363.74 8.13 0.02994 59.95648 
6/2/2019 12:33 PM 4322.75 8.13 0.02966 59.39332 
6/2/2019 12:34 PM 4317.54 8.13 0.02963 59.32165 
6/2/2019 12:35 PM 4296.17 8.13 0.02948 59.02802 
6/2/2019 12:36 PM 4220.61 8.13 0.02896 57.98994 
6/2/2019 12:37 PM 4315.27 8.13 0.02961 59.29048 
6/2/2019 12:38 PM 4382.18 8.13 0.03007 60.20978 
6/2/2019 12:39 PM 4555.72 8.13 0.03126 62.59416 
6/2/2019 12:40 PM 4356.68 8.13 0.02989 59.85953 
6/2/2019 12:41 PM 4343.53 8.13 0.02980 59.67878 
6/2/2019 12:42 PM 4477.77 8.13 0.03073 61.52326 
6/2/2019 12:43 PM 4473.51 8.13 0.03070 61.46474 
6/2/2019 12:44 PM 4472.24 8.13 0.03069 61.44718 
6/2/2019 12:45 PM 4452.57 8.13 0.03055 61.17702 
6/2/2019 12:46 PM 4421.04 8.13 0.03034 60.74374 
6/2/2019 12:47 PM 4404.42 8.13 0.03022 60.51543 
6/2/2019 12:48 PM 4448.30 8.13 0.03052 61.11833 
6/2/2019 12:49 PM 4577.22 8.13 0.03141 62.88959 
6/2/2019 12:50 PM 4622.76 8.13 0.03172 63.51536 
6/2/2019 12:51 PM 4469.11 2.73 0.01030 20.61911 
6/2/2019 12:52 PM 4435.19 2.73 0.01022 20.46265 
6/2/2019 12:53 PM 4467.46 2.73 0.01029 20.61153 
6/2/2019 12:54 PM 4500.63 2.73 0.01037 20.76453 
6/2/2019 12:55 PM 4571.49 2.73 0.01053 21.09149 







6/2/2019 12:56 PM 4487.54 2.73 0.01034 20.70417 
6/2/2019 12:57 PM 4306.67 2.73 0.00992 19.86968 
6/2/2019 12:58 PM 4411.43 2.73 0.01016 20.35300 
6/2/2019 12:59 PM 4392.33 2.73 0.01012 20.26489 
6/2/2019 1:00 PM 4333.34 2.73 0.00998 19.99271 
6/2/2019 1:01 PM 4159.95 2.73 0.00959 19.19274 
6/2/2019 1:02 PM 4307.70 2.73 0.00993 19.87444 
6/2/2019 1:03 PM 4380.00 2.73 0.01009 20.20800 
6/2/2019 1:04 PM 4453.05 2.73 0.01026 20.54503 
6/2/2019 1:05 PM 4468.79 2.73 0.01030 20.61766 
6/2/2019 1:06 PM 4498.46 2.73 0.01036 20.75454 
6/2/2019 1:07 PM 4350.98 2.73 0.01003 20.07413 
6/2/2019 1:08 PM 4351.37 2.73 0.01003 20.07590 
6/2/2019 1:09 PM 4188.39 2.73 0.00965 19.32398 
6/2/2019 1:10 PM 4207.29 2.73 0.00969 19.41116 
6/2/2019 1:11 PM 4197.84 2.73 0.00967 19.36757 
6/2/2019 1:12 PM 4204.23 2.73 0.00969 19.39705 
6/2/2019 1:13 PM 4167.29 2.73 0.00960 19.22661 
6/2/2019 1:14 PM 4312.85 2.73 0.00994 19.89822 
6/2/2019 1:15 PM 4353.81 2.73 0.01003 20.08716 
6/2/2019 1:16 PM 4166.67 2.73 0.00960 19.22378 
6/2/2019 1:17 PM 4168.92 2.73 0.00961 19.23416 
6/2/2019 1:18 PM 4236.38 2.73 0.00976 19.54541 
6/2/2019 1:19 PM 4224.90 2.73 0.00973 19.49240 
6/2/2019 1:20 PM 4066.76 2.73 0.00937 18.76281 
6/2/2019 1:21 PM 4089.13 2.73 0.00942 18.86600 
6/2/2019 1:22 PM 4105.50 2.73 0.00946 18.94154 
6/2/2019 1:23 PM 4144.54 2.73 0.00955 19.12168 
6/2/2019 1:24 PM 4159.87 2.73 0.00958 19.19240 
6/2/2019 1:25 PM 4110.46 2.73 0.00947 18.96445 
6/2/2019 1:26 PM 4335.64 2.73 0.00999 20.00336 
6/2/2019 1:27 PM 4280.61 2.73 0.00986 19.74945 
6/2/2019 1:28 PM 4323.24 2.73 0.00996 19.94613 
6/2/2019 1:29 PM 4209.95 2.73 0.00970 19.42344 
6/2/2019 1:30 PM 4228.13 2.73 0.00974 19.50731 
6/2/2019 1:31 PM 4347.23 2.73 0.01002 20.05680 
6/2/2019 1:32 PM 4444.78 2.73 0.01024 20.50688 
6/2/2019 1:33 PM 4348.16 2.73 0.01002 20.06111 
6/2/2019 1:34 PM 4234.16 2.73 0.00976 19.53516 
6/2/2019 1:35 PM 4299.65 2.73 0.00991 19.83730 
6/2/2019 1:36 PM 4145.07 2.73 0.00955 19.12413 
6/2/2019 1:37 PM 4275.27 2.73 0.00985 19.72481 
6/2/2019 1:38 PM 4144.05 2.73 0.00955 19.11941 
6/2/2019 1:39 PM 4106.38 2.73 0.00946 18.94561 
6/2/2019 1:40 PM 4091.13 2.73 0.00943 18.87524 
6/2/2019 1:41 PM 4125.74 2.73 0.00951 19.03491 
6/2/2019 1:42 PM 4116.60 2.73 0.00949 18.99278 







6/2/2019 1:43 PM 4257.07 2.73 0.00981 19.64087 
6/2/2019 1:44 PM 4271.97 2.73 0.00984 19.70957 
6/2/2019 1:45 PM 4233.25 2.73 0.00975 19.53096 
6/2/2019 1:46 PM 4262.84 2.73 0.00982 19.66745 
6/2/2019 1:47 PM 4255.73 2.73 0.00981 19.63465 
6/2/2019 1:48 PM 4399.06 2.73 0.01014 20.29593 
6/2/2019 1:49 PM 4343.19 2.73 0.01001 20.03818 
6/2/2019 1:50 PM 4198.16 2.73 0.00967 19.36906 
6/2/2019 1:51 PM 4243.94 7.24 0.02593 51.92713 
6/2/2019 1:52 PM 4317.14 7.24 0.02638 52.82283 
6/2/2019 1:53 PM 4276.58 7.24 0.02613 52.32653 
6/2/2019 1:54 PM 4251.09 7.24 0.02598 52.01460 
6/2/2019 1:55 PM 4241.39 7.24 0.02592 51.89597 
6/2/2019 1:56 PM 4204.43 7.24 0.02569 51.44375 
6/2/2019 1:57 PM 4200.90 7.24 0.02567 51.40058 
6/2/2019 1:58 PM 4271.05 7.24 0.02610 52.25887 
6/2/2019 1:59 PM 4395.48 7.24 0.02686 53.78129 
6/2/2019 2:00 PM 4362.06 7.24 0.02665 53.37248 
6/2/2019 2:01 PM 4354.23 7.24 0.02661 53.27661 
6/2/2019 2:02 PM 4398.54 7.24 0.02688 53.81879 
6/2/2019 2:03 PM 4352.58 7.24 0.02660 53.25646 
6/2/2019 2:04 PM 4264.27 7.24 0.02606 52.17595 
6/2/2019 2:05 PM 4343.84 7.24 0.02654 53.14951 
6/2/2019 2:06 PM 4257.63 7.24 0.02602 52.09462 
6/2/2019 2:07 PM 4301.99 7.24 0.02629 52.63740 
6/2/2019 2:08 PM 4317.43 7.24 0.02638 52.82639 
6/2/2019 2:09 PM 4287.87 7.24 0.02620 52.46465 
6/2/2019 2:10 PM 4297.47 7.24 0.02626 52.58214 
6/2/2019 2:11 PM 4318.04 7.24 0.02639 52.83377 
6/2/2019 2:12 PM 4293.05 7.24 0.02623 52.52810 
6/2/2019 2:13 PM 4251.37 7.24 0.02598 52.01805 
6/2/2019 2:14 PM 4305.99 7.24 0.02631 52.68632 
6/2/2019 2:15 PM 4322.19 7.24 0.02641 52.88453 
6/2/2019 2:16 PM 4103.80 7.24 0.02508 50.21245 
6/2/2019 2:17 PM 4290.22 7.24 0.02622 52.49339 
6/2/2019 2:18 PM 4252.84 7.24 0.02599 52.03601 
6/2/2019 2:19 PM 4429.37 7.24 0.02707 54.19600 
6/2/2019 2:20 PM 4327.42 7.24 0.02644 52.94856 
6/2/2019 2:21 PM 4050.67 7.24 0.02475 49.56239 
6/2/2019 2:22 PM 4057.75 7.24 0.02480 49.64905 
6/2/2019 2:23 PM 4152.73 7.24 0.02538 50.81117 
6/2/2019 2:24 PM 4199.04 7.24 0.02566 51.37781 
6/2/2019 2:25 PM 4208.30 7.24 0.02572 51.49103 
6/2/2019 2:26 PM 4207.17 7.24 0.02571 51.47719 
6/2/2019 2:27 PM 4377.75 7.24 0.02675 53.56443 
6/2/2019 2:28 PM 4374.86 7.24 0.02673 53.52903 
6/2/2019 2:29 PM 4317.41 7.24 0.02638 52.82605 







6/2/2019 2:30 PM 4222.14 7.24 0.02580 51.66042 
6/2/2019 2:31 PM 4033.71 7.24 0.02465 49.35489 
6/2/2019 2:32 PM 4106.21 7.24 0.02509 50.24200 
6/2/2019 2:33 PM 4210.95 7.24 0.02573 51.52347 
6/2/2019 2:34 PM 4362.06 7.24 0.02665 53.37246 
6/2/2019 2:35 PM 4265.14 7.24 0.02606 52.18660 
6/2/2019 2:36 PM 4184.07 7.24 0.02557 51.19455 
6/2/2019 2:37 PM 4170.02 7.24 0.02548 51.02265 
6/2/2019 2:38 PM 4326.85 7.24 0.02644 52.94161 
6/2/2019 2:39 PM 4175.33 7.24 0.02551 51.08763 
6/2/2019 2:40 PM 4165.42 7.24 0.02545 50.96639 
6/2/2019 2:41 PM 4316.21 7.24 0.02637 52.81147 
6/2/2019 2:42 PM 4297.47 7.24 0.02626 52.58215 
6/2/2019 2:43 PM 4120.15 7.24 0.02518 50.41256 
6/2/2019 2:44 PM 4110.16 7.24 0.02512 50.29030 
6/2/2019 2:45 PM 4142.94 7.24 0.02532 50.69134 
6/2/2019 2:46 PM 4236.97 7.24 0.02589 51.84188 
6/2/2019 2:47 PM 4274.79 7.24 0.02612 52.30459 
6/2/2019 2:48 PM 4308.03 7.24 0.02632 52.71138 
6/2/2019 2:49 PM 4270.36 7.24 0.02609 52.25039 
6/2/2019 2:50 PM 4241.97 7.24 0.02592 51.90301 
6/2/2019 2:51 PM 4144.10 6.98 0.02441 48.88459 
6/2/2019 2:52 PM 4286.83 6.98 0.02525 50.56826 
6/2/2019 2:53 PM 4193.65 6.98 0.02471 49.46914 
6/2/2019 2:54 PM 4095.19 6.98 0.02413 48.30764 
6/2/2019 2:55 PM 4081.42 6.98 0.02404 48.14527 
6/2/2019 2:56 PM 4133.09 6.98 0.02435 48.75474 
6/2/2019 2:57 PM 4220.52 6.98 0.02486 49.78607 
6/2/2019 2:58 PM 4236.01 6.98 0.02495 49.96881 
6/2/2019 2:59 PM 4325.54 6.98 0.02548 51.02498 
6/2/2019 3:00 PM 4199.94 6.98 0.02474 49.54329 
6/2/2019 3:01 PM 4190.63 6.98 0.02469 49.43345 
6/2/2019 3:02 PM 4199.64 6.98 0.02474 49.53984 
6/2/2019 3:03 PM 4313.44 6.98 0.02541 50.88216 
6/2/2019 3:04 PM 4337.68 6.98 0.02555 51.16817 
6/2/2019 3:05 PM 4392.59 6.98 0.02588 51.81590 
6/2/2019 3:06 PM 4088.62 6.98 0.02409 48.23023 
6/2/2019 3:07 PM 4327.21 6.98 0.02549 51.04468 
6/2/2019 3:08 PM 4185.26 6.98 0.02466 49.37017 
6/2/2019 3:09 PM 4151.64 6.98 0.02446 48.97360 
6/2/2019 3:10 PM 4319.41 6.98 0.02545 50.95268 
6/2/2019 3:11 PM 4306.80 6.98 0.02537 50.80384 
6/2/2019 3:12 PM 4397.86 6.98 0.02591 51.87808 
6/2/2019 3:13 PM 4283.29 6.98 0.02523 50.52658 
6/2/2019 3:14 PM 4255.75 6.98 0.02507 50.20174 
6/2/2019 3:15 PM 4164.81 6.98 0.02454 49.12888 
6/2/2019 3:16 PM 4095.79 6.98 0.02413 48.31472 







6/2/2019 3:17 PM 4145.16 6.98 0.02442 48.89712 
6/2/2019 3:18 PM 4243.83 6.98 0.02500 50.06107 
6/2/2019 3:19 PM 4254.28 6.98 0.02506 50.18434 
6/2/2019 3:20 PM 4258.98 6.98 0.02509 50.23983 
6/2/2019 3:21 PM 4133.66 6.98 0.02435 48.76143 
6/2/2019 3:22 PM 4112.61 6.98 0.02423 48.51314 
6/2/2019 3:23 PM 4373.05 6.98 0.02576 51.58534 
6/2/2019 3:24 PM 4398.51 6.98 0.02591 51.88574 
6/2/2019 3:25 PM 4318.30 6.98 0.02544 50.93953 
6/2/2019 3:26 PM 4253.45 6.98 0.02506 50.17450 
6/2/2019 3:27 PM 4227.31 6.98 0.02490 49.86614 
6/2/2019 3:28 PM 4239.98 6.98 0.02498 50.01568 
6/2/2019 3:29 PM 4284.62 6.98 0.02524 50.54221 
6/2/2019 3:30 PM 4276.79 6.98 0.02520 50.44992 
6/2/2019 3:31 PM 4163.66 6.98 0.02453 49.11535 
6/2/2019 3:32 PM 4116.35 6.98 0.02425 48.55726 
6/2/2019 3:33 PM 4107.37 6.98 0.02420 48.45140 
6/2/2019 3:34 PM 4110.70 6.98 0.02422 48.49060 
6/2/2019 3:35 PM 4133.10 6.98 0.02435 48.75486 
6/2/2019 3:36 PM 4364.83 6.98 0.02571 51.48839 
6/2/2019 3:37 PM 4428.37 6.98 0.02609 52.23799 
6/2/2019 3:38 PM 4338.18 6.98 0.02556 51.17408 
6/2/2019 3:39 PM 4254.44 6.98 0.02506 50.18625 
6/2/2019 3:40 PM 4270.40 6.98 0.02516 50.37444 
6/2/2019 3:41 PM 4248.96 6.98 0.02503 50.12153 
6/2/2019 3:42 PM 4250.24 6.98 0.02504 50.13664 
6/2/2019 3:43 PM 4240.22 6.98 0.02498 50.01851 
6/2/2019 3:44 PM 4309.96 6.98 0.02539 50.84118 
6/2/2019 3:45 PM 4376.44 6.98 0.02578 51.62541 
6/2/2019 3:46 PM 4216.82 6.98 0.02484 49.74250 
6/2/2019 3:47 PM 4112.20 6.98 0.02423 48.50835 
6/2/2019 3:48 PM 4272.52 6.98 0.02517 50.39951 
6/2/2019 3:49 PM 4238.76 6.98 0.02497 50.00127 
6/2/2019 3:50 PM 4396.95 6.98 0.02590 51.86736 
6/2/2019 3:51 PM 4382.13 8.34 0.03085 61.76437 
6/2/2019 3:52 PM 4283.67 8.34 0.03015 60.37666 
6/2/2019 3:53 PM 4261.48 8.34 0.03000 60.06390 
6/2/2019 3:54 PM 4265.04 8.34 0.03002 60.11406 
6/2/2019 3:55 PM 4135.93 8.34 0.02911 58.29426 
6/2/2019 3:56 PM 4307.51 8.34 0.03032 60.71260 
6/2/2019 3:57 PM 4570.00 8.34 0.03217 64.41234 
6/2/2019 3:58 PM 4587.50 8.34 0.03229 64.65903 
6/2/2019 3:59 PM 4428.88 8.34 0.03117 62.42323 
6/2/2019 4:00 PM 4408.30 8.34 0.03103 62.13318 
6/2/2019 4:01 PM 4468.80 8.34 0.03146 62.98588 
6/2/2019 4:02 PM 4338.97 8.34 0.03054 61.15600 
6/2/2019 4:03 PM 4266.03 8.34 0.03003 60.12792 







6/2/2019 4:04 PM 4347.93 8.34 0.03060 61.28235 
6/2/2019 4:05 PM 4312.19 8.34 0.03035 60.77855 
6/2/2019 4:06 PM 4296.14 8.34 0.03024 60.55243 
6/2/2019 4:07 PM 4235.14 8.34 0.02981 59.69258 
6/2/2019 4:08 PM 4314.02 8.34 0.03037 60.80439 
6/2/2019 4:09 PM 4422.13 8.34 0.03113 62.32809 
6/2/2019 4:10 PM 4417.28 8.34 0.03109 62.25984 
6/2/2019 4:11 PM 4604.88 8.34 0.03241 64.90399 
6/2/2019 4:12 PM 4432.53 8.34 0.03120 62.47479 
6/2/2019 4:13 PM 4405.48 8.34 0.03101 62.09354 
6/2/2019 4:14 PM 4365.84 8.34 0.03073 61.53483 
6/2/2019 4:15 PM 4508.63 8.34 0.03174 63.54728 
6/2/2019 4:16 PM 4494.82 8.34 0.03164 63.35268 
6/2/2019 4:17 PM 4223.73 8.34 0.02973 59.53177 
6/2/2019 4:18 PM 4260.80 8.34 0.02999 60.05426 
6/2/2019 4:19 PM 4298.55 8.34 0.03026 60.58630 
6/2/2019 4:20 PM 4242.98 8.34 0.02987 59.80306 
6/2/2019 4:21 PM 4260.53 8.34 0.02999 60.05051 
6/2/2019 4:22 PM 4215.03 8.34 0.02967 59.40922 
6/2/2019 4:23 PM 4196.34 8.34 0.02954 59.14574 
6/2/2019 4:24 PM 4345.86 8.34 0.03059 61.25310 
6/2/2019 4:25 PM 4371.71 8.34 0.03077 61.61756 
6/2/2019 4:26 PM 4379.14 8.34 0.03082 61.72216 
6/2/2019 4:27 PM 4353.18 8.34 0.03064 61.35626 
6/2/2019 4:28 PM 4354.51 8.34 0.03065 61.37512 
6/2/2019 4:29 PM 4226.72 8.34 0.02975 59.57387 
6/2/2019 4:30 PM 4242.16 8.34 0.02986 59.79160 
6/2/2019 4:31 PM 4264.54 8.34 0.03002 60.10694 
6/2/2019 4:32 PM 4201.90 8.34 0.02958 59.22412 
6/2/2019 4:33 PM 4200.07 8.34 0.02956 59.19828 
6/2/2019 4:34 PM 4226.62 8.34 0.02975 59.57252 
6/2/2019 4:35 PM 4346.71 8.34 0.03060 61.26520 
6/2/2019 4:36 PM 4238.33 8.34 0.02983 59.73753 
6/2/2019 4:37 PM 4251.21 8.34 0.02992 59.91912 
6/2/2019 4:38 PM 4267.95 8.34 0.03004 60.15508 
6/2/2019 4:39 PM 4412.62 8.34 0.03106 62.19413 
6/2/2019 4:40 PM 4428.30 8.34 0.03117 62.41508 
6/2/2019 4:41 PM 4446.26 8.34 0.03130 62.66826 
6/2/2019 4:42 PM 4442.25 8.34 0.03127 62.61176 
6/2/2019 4:43 PM 4396.02 8.34 0.03094 61.96009 
6/2/2019 4:44 PM 4401.81 8.34 0.03098 62.04179 
6/2/2019 4:45 PM 4411.00 8.34 0.03105 62.17134 
6/2/2019 4:46 PM 4421.06 8.34 0.03112 62.31302 
6/2/2019 4:47 PM 4376.54 8.34 0.03081 61.68554 
6/2/2019 4:48 PM 4389.34 8.34 0.03090 61.86599 
6/2/2019 4:49 PM 4287.51 8.34 0.03018 60.43080 
6/2/2019 4:50 PM 4217.40 8.34 0.02969 59.44258 







6/2/2019 4:51 PM 4243.11 9.91 0.03549 71.06315 
6/2/2019 4:52 PM 4378.03 9.91 0.03662 73.32285 
6/2/2019 4:53 PM 4391.23 9.91 0.03673 73.54395 
6/2/2019 4:54 PM 4417.88 9.91 0.03695 73.99022 
6/2/2019 4:55 PM 4379.49 9.91 0.03663 73.34727 
6/2/2019 4:56 PM 4300.01 9.91 0.03597 72.01620 
6/2/2019 4:57 PM 4342.07 9.91 0.03632 72.72048 
6/2/2019 4:58 PM 4368.10 9.91 0.03653 73.15655 
6/2/2019 4:59 PM 4226.60 9.91 0.03535 70.78674 
6/2/2019 5:00 PM 4253.63 9.91 0.03558 71.23929 
6/2/2019 5:01 PM 4278.62 9.91 0.03579 71.65791 
6/2/2019 5:02 PM 4596.49 9.91 0.03845 76.98149 
6/2/2019 5:03 PM 4405.39 9.91 0.03685 73.78104 
6/2/2019 5:04 PM 4542.66 9.91 0.03799 76.07994 
6/2/2019 5:05 PM 4565.95 9.91 0.03819 76.47012 
6/2/2019 5:06 PM 4396.46 9.91 0.03677 73.63150 
6/2/2019 5:07 PM 4265.23 9.91 0.03567 71.43366 
6/2/2019 5:08 PM 4388.40 9.91 0.03670 73.49645 
6/2/2019 5:09 PM 4354.07 9.91 0.03642 72.92160 
6/2/2019 5:10 PM 4215.14 9.91 0.03526 70.59476 
6/2/2019 5:11 PM 4241.33 9.91 0.03547 71.03337 
6/2/2019 5:12 PM 4269.18 9.91 0.03571 71.49985 
6/2/2019 5:13 PM 4281.24 9.91 0.03581 71.70185 
6/2/2019 5:14 PM 4325.26 9.91 0.03618 72.43904 
6/2/2019 5:15 PM 4330.90 9.91 0.03622 72.53348 
6/2/2019 5:16 PM 4389.12 9.91 0.03671 73.50857 
6/2/2019 5:17 PM 4531.68 9.91 0.03790 75.89619 
6/2/2019 5:18 PM 4423.08 9.91 0.03699 74.07729 
6/2/2019 5:19 PM 4378.83 9.91 0.03662 73.33617 
6/2/2019 5:20 PM 4481.77 9.91 0.03749 75.06029 
6/2/2019 5:21 PM 4437.92 9.91 0.03712 74.32578 
6/2/2019 5:22 PM 4426.82 9.91 0.03703 74.13988 
6/2/2019 5:23 PM 4347.69 9.91 0.03636 72.81474 
6/2/2019 5:24 PM 4326.03 9.91 0.03618 72.45192 
6/2/2019 5:25 PM 4201.60 9.91 0.03514 70.36796 
6/2/2019 5:26 PM 4323.98 9.91 0.03617 72.41764 
6/2/2019 5:27 PM 4440.81 9.91 0.03714 74.37423 
6/2/2019 5:28 PM 4411.47 9.91 0.03690 73.88283 
6/2/2019 5:29 PM 4395.98 9.91 0.03677 73.62343 
6/2/2019 5:30 PM 4414.49 9.91 0.03692 73.93342 
6/2/2019 5:31 PM 4428.83 9.91 0.03704 74.17359 
6/2/2019 5:32 PM 4395.32 9.91 0.03676 73.61240 
6/2/2019 5:33 PM 4439.76 9.91 0.03713 74.35669 
6/2/2019 5:34 PM 4426.88 9.91 0.03703 74.14095 
6/2/2019 5:35 PM 4389.22 9.91 0.03671 73.51018 
6/2/2019 5:36 PM 4378.28 9.91 0.03662 73.32697 
6/2/2019 5:37 PM 4401.42 9.91 0.03681 73.71452 







6/2/2019 5:38 PM 4413.80 9.91 0.03692 73.92187 
6/2/2019 5:39 PM 4215.43 9.91 0.03526 70.59967 
6/2/2019 5:40 PM 4342.08 9.91 0.03632 72.72070 
6/2/2019 5:41 PM 4365.98 9.91 0.03652 73.12096 
6/2/2019 5:42 PM 4405.16 9.91 0.03684 73.77726 
6/2/2019 5:43 PM 4491.73 9.91 0.03757 75.22703 
6/2/2019 5:44 PM 4364.72 9.91 0.03651 73.09990 
6/2/2019 5:45 PM 4392.52 9.91 0.03674 73.56544 
6/2/2019 5:46 PM 4379.62 9.91 0.03663 73.34938 
6/2/2019 5:47 PM 4408.07 9.91 0.03687 73.82587 
6/2/2019 5:48 PM 4352.23 9.91 0.03640 72.89074 
6/2/2019 5:49 PM 4374.65 9.91 0.03659 73.26614 
6/2/2019 5:50 PM 4410.75 9.91 0.03689 73.87073 
6/2/2019 5:51 PM 4396.65 7.84 0.02909 58.25387 
6/2/2019 5:52 PM 4379.78 7.84 0.02898 58.03034 
6/2/2019 5:53 PM 4378.62 7.84 0.02897 58.01503 
6/2/2019 5:54 PM 4402.70 7.84 0.02913 58.33404 
6/2/2019 5:55 PM 4404.92 7.84 0.02915 58.36348 
6/2/2019 5:56 PM 4407.33 7.84 0.02916 58.39542 
6/2/2019 5:57 PM 4378.79 7.84 0.02897 58.01723 
6/2/2019 5:58 PM 4376.92 7.84 0.02896 57.99238 
6/2/2019 5:59 PM 4517.61 7.84 0.02989 59.85649 
6/2/2019 6:00 PM 4542.74 7.84 0.03006 60.18947 
6/2/2019 6:01 PM 4457.10 7.84 0.02949 59.05477 
6/2/2019 6:02 PM 4419.37 7.84 0.02924 58.55493 
6/2/2019 6:03 PM 4352.35 7.84 0.02880 57.66687 
6/2/2019 6:04 PM 4348.33 7.84 0.02877 57.61364 
6/2/2019 6:05 PM 4377.33 7.84 0.02896 57.99786 
6/2/2019 6:06 PM 4330.95 7.84 0.02866 57.38341 
6/2/2019 6:07 PM 4377.43 7.84 0.02897 57.99915 
6/2/2019 6:08 PM 4410.97 7.84 0.02919 58.44359 
6/2/2019 6:09 PM 4371.47 7.84 0.02893 57.92023 
6/2/2019 6:10 PM 4235.93 7.84 0.02803 56.12437 
6/2/2019 6:11 PM 4198.26 7.84 0.02778 55.62530 
6/2/2019 6:12 PM 4102.62 7.84 0.02715 54.35807 
6/2/2019 6:13 PM 4225.31 7.84 0.02796 55.98366 
6/2/2019 6:14 PM 4390.47 7.84 0.02905 58.17200 
6/2/2019 6:15 PM 4416.24 7.84 0.02922 58.51340 
6/2/2019 6:16 PM 4405.41 7.84 0.02915 58.36991 
6/2/2019 6:17 PM 4526.07 7.84 0.02995 59.96857 
6/2/2019 6:18 PM 4528.37 7.84 0.02996 59.99913 
6/2/2019 6:19 PM 4491.89 7.84 0.02972 59.51571 
6/2/2019 6:20 PM 4459.49 7.84 0.02951 59.08652 
6/2/2019 6:21 PM 4403.12 7.84 0.02914 58.33962 
6/2/2019 6:22 PM 4505.07 7.84 0.02981 59.69033 
6/2/2019 6:23 PM 4513.76 7.84 0.02987 59.80557 
6/2/2019 6:24 PM 4486.65 7.84 0.02969 59.44631 







6/2/2019 6:25 PM 4529.53 7.84 0.02997 60.01452 
6/2/2019 6:26 PM 4518.30 7.84 0.02990 59.86568 
6/2/2019 6:27 PM 4523.07 7.84 0.02993 59.92890 
6/2/2019 6:28 PM 4428.30 7.84 0.02930 58.67324 
6/2/2019 6:29 PM 4573.93 7.84 0.03027 60.60269 
6/2/2019 6:30 PM 4427.74 7.84 0.02930 58.66579 
6/2/2019 6:31 PM 4425.38 7.84 0.02928 58.63448 
6/2/2019 6:32 PM 4353.60 7.84 0.02881 57.68351 
6/2/2019 6:33 PM 4303.27 7.84 0.02847 57.01667 
6/2/2019 6:34 PM 4445.74 7.84 0.02942 58.90427 
6/2/2019 6:35 PM 4524.94 7.84 0.02994 59.95366 
6/2/2019 6:36 PM 4487.61 7.84 0.02969 59.45899 
6/2/2019 6:37 PM 4302.35 7.84 0.02847 57.00441 
6/2/2019 6:38 PM 4378.27 7.84 0.02897 58.01028 
6/2/2019 6:39 PM 4385.15 7.84 0.02902 58.10146 
6/2/2019 6:40 PM 4236.39 7.84 0.02803 56.13048 
6/2/2019 6:41 PM 4199.44 7.84 0.02779 55.64084 
6/2/2019 6:42 PM 4205.45 7.84 0.02783 55.72052 
6/2/2019 6:43 PM 4226.15 7.84 0.02796 55.99478 
6/2/2019 6:44 PM 4328.27 7.84 0.02864 57.34778 
6/2/2019 6:45 PM 4264.13 7.84 0.02822 56.49796 
6/2/2019 6:46 PM 4385.22 7.84 0.02902 58.10246 
6/2/2019 6:47 PM 4407.17 7.84 0.02916 58.39330 
6/2/2019 6:48 PM 4428.74 7.84 0.02930 58.67904 
6/2/2019 6:49 PM 4447.77 7.84 0.02943 58.93117 
6/2/2019 6:50 PM 4509.30 7.84 0.02984 59.74645 
6/2/2019 6:51 PM 4533.37 5.98 0.02288 45.81513 
6/2/2019 6:52 PM 4506.97 5.98 0.02275 45.54834 
6/2/2019 6:53 PM 4482.00 5.98 0.02262 45.29604 
6/2/2019 6:54 PM 4390.32 5.98 0.02216 44.36947 
6/2/2019 6:55 PM 4458.64 5.98 0.02250 45.05987 
6/2/2019 6:56 PM 4482.69 5.98 0.02262 45.30295 
6/2/2019 6:57 PM 4484.86 5.98 0.02264 45.32489 
6/2/2019 6:58 PM 4457.91 5.98 0.02250 45.05251 
6/2/2019 6:59 PM 4517.89 5.98 0.02280 45.65867 
6/2/2019 7:00 PM 4471.47 5.98 0.02257 45.18956 
6/2/2019 7:01 PM 4487.24 5.98 0.02265 45.34891 
6/2/2019 7:02 PM 4447.73 5.98 0.02245 44.94965 
6/2/2019 7:03 PM 4381.85 5.98 0.02212 44.28388 
6/2/2019 7:04 PM 4279.85 5.98 0.02160 43.25300 
6/2/2019 7:05 PM 4427.18 5.98 0.02234 44.74194 
6/2/2019 7:06 PM 4630.10 5.98 0.02337 46.79272 
6/2/2019 7:07 PM 4441.76 5.98 0.02242 44.88932 
6/2/2019 7:08 PM 4581.39 5.98 0.02312 46.30045 
6/2/2019 7:09 PM 4487.91 5.98 0.02265 45.35576 
6/2/2019 7:10 PM 4475.10 5.98 0.02259 45.22622 
6/2/2019 7:11 PM 4523.58 5.98 0.02283 45.71624 







6/2/2019 7:12 PM 4473.90 5.98 0.02258 45.21411 
6/2/2019 7:13 PM 4440.69 5.98 0.02241 44.87847 
6/2/2019 7:14 PM 4443.80 5.98 0.02243 44.90991 
6/2/2019 7:15 PM 4433.02 5.98 0.02237 44.80096 
6/2/2019 7:16 PM 4450.97 5.98 0.02246 44.98238 
6/2/2019 7:17 PM 4478.79 5.98 0.02260 45.26356 
6/2/2019 7:18 PM 4462.59 5.98 0.02252 45.09985 
6/2/2019 7:19 PM 4378.36 5.98 0.02210 44.24854 
6/2/2019 7:20 PM 4459.19 5.98 0.02251 45.06549 
6/2/2019 7:21 PM 4679.63 5.98 0.02362 47.29323 
6/2/2019 7:22 PM 4621.88 5.98 0.02333 46.70965 
6/2/2019 7:23 PM 4667.70 5.98 0.02356 47.17267 
6/2/2019 7:24 PM 4645.22 5.98 0.02345 46.94557 
6/2/2019 7:25 PM 4456.53 5.98 0.02249 45.03862 
6/2/2019 7:26 PM 4434.97 5.98 0.02238 44.82069 
6/2/2019 7:27 PM 4480.15 5.98 0.02261 45.27727 
6/2/2019 7:28 PM 4462.76 5.98 0.02252 45.10157 
6/2/2019 7:29 PM 4502.00 5.98 0.02272 45.49809 
6/2/2019 7:30 PM 4468.43 5.98 0.02255 45.15888 
6/2/2019 7:31 PM 4310.64 5.98 0.02176 43.56424 
6/2/2019 7:32 PM 4311.12 5.98 0.02176 43.56909 
6/2/2019 7:33 PM 4327.08 5.98 0.02184 43.73038 
6/2/2019 7:34 PM 4505.25 5.98 0.02274 45.53092 
6/2/2019 7:35 PM 4448.34 5.98 0.02245 44.95584 
6/2/2019 7:36 PM 4462.46 5.98 0.02252 45.09851 
6/2/2019 7:37 PM 4467.80 5.98 0.02255 45.15247 
6/2/2019 7:38 PM 4436.26 5.98 0.02239 44.83370 
6/2/2019 7:39 PM 4513.89 5.98 0.02278 45.61827 
6/2/2019 7:40 PM 4561.22 5.98 0.02302 46.09657 
6/2/2019 7:41 PM 4297.07 5.98 0.02169 43.42708 
6/2/2019 7:42 PM 4263.58 5.98 0.02152 43.08860 
6/2/2019 7:43 PM 4321.58 5.98 0.02181 43.67471 
6/2/2019 7:44 PM 4462.19 5.98 0.02252 45.09576 
6/2/2019 7:45 PM 4433.35 5.98 0.02238 44.80435 
6/2/2019 7:46 PM 4432.93 5.98 0.02237 44.80010 
6/2/2019 7:47 PM 4450.24 5.98 0.02246 44.97499 
6/2/2019 7:48 PM 4627.93 5.98 0.02336 46.77077 
6/2/2019 7:49 PM 4659.70 5.98 0.02352 47.09189 
6/2/2019 7:50 PM 4449.87 5.98 0.02246 44.97128 
6/2/2019 7:51 PM 4446.85 11.98 0.04496 90.03190 
6/2/2019 7:52 PM 4441.81 11.98 0.04491 89.92987 
6/2/2019 7:53 PM 4500.27 11.98 0.04550 91.11335 
6/2/2019 7:54 PM 4462.17 11.98 0.04512 90.34196 
6/2/2019 7:55 PM 4424.28 11.98 0.04473 89.57490 
6/2/2019 7:56 PM 4452.07 11.98 0.04502 90.13750 
6/2/2019 7:57 PM 4480.20 11.98 0.04530 90.70697 
6/2/2019 7:58 PM 4465.48 11.98 0.04515 90.40897 







6/2/2019 7:59 PM 4407.33 11.98 0.04456 89.23176 
6/2/2019 8:00 PM 4431.68 11.98 0.04481 89.72459 
6/2/2019 8:01 PM 4431.27 11.98 0.04481 89.71629 
6/2/2019 8:02 PM 4388.21 11.98 0.04437 88.84466 
6/2/2019 8:03 PM 4249.93 11.98 0.04297 86.04497 
6/2/2019 8:04 PM 4268.66 11.98 0.04316 86.42420 
6/2/2019 8:05 PM 4364.22 11.98 0.04413 88.35886 
6/2/2019 8:06 PM 4509.28 11.98 0.04559 91.29579 
6/2/2019 8:07 PM 4630.12 11.98 0.04682 93.74243 
6/2/2019 8:08 PM 4612.86 11.98 0.04664 93.39282 
6/2/2019 8:09 PM 4565.85 11.98 0.04617 92.44103 
6/2/2019 8:10 PM 4566.08 11.98 0.04617 92.44578 
6/2/2019 8:11 PM 4551.65 11.98 0.04602 92.15356 
6/2/2019 8:12 PM 4552.54 11.98 0.04603 92.17169 
6/2/2019 8:13 PM 4574.63 11.98 0.04625 92.61890 
6/2/2019 8:14 PM 4671.02 11.98 0.04723 94.57035 
6/2/2019 8:15 PM 4586.76 11.98 0.04638 92.86442 
6/2/2019 8:16 PM 4558.64 11.98 0.04609 92.29523 
6/2/2019 8:17 PM 4496.14 11.98 0.04546 91.02968 
6/2/2019 8:18 PM 4425.53 11.98 0.04475 89.60022 
6/2/2019 8:19 PM 4536.59 11.98 0.04587 91.84879 
6/2/2019 8:20 PM 4609.73 11.98 0.04661 93.32959 
6/2/2019 8:21 PM 4564.14 11.98 0.04615 92.40641 
6/2/2019 8:22 PM 4522.54 11.98 0.04573 91.56426 
6/2/2019 8:23 PM 4506.52 11.98 0.04557 91.23994 
6/2/2019 8:24 PM 4565.03 11.98 0.04616 92.42459 
6/2/2019 8:25 PM 4561.11 11.98 0.04612 92.34512 
6/2/2019 8:26 PM 4686.47 11.98 0.04739 94.88311 
6/2/2019 8:27 PM 4693.63 11.98 0.04746 95.02821 
6/2/2019 8:28 PM 4564.01 11.98 0.04615 92.40380 
6/2/2019 8:29 PM 4548.03 11.98 0.04599 92.08040 
6/2/2019 8:30 PM 4580.40 11.98 0.04631 92.73563 
6/2/2019 8:31 PM 4535.78 11.98 0.04586 91.83226 
6/2/2019 8:32 PM 4624.57 11.98 0.04676 93.62990 
6/2/2019 8:33 PM 4568.17 11.98 0.04619 92.48810 
6/2/2019 8:34 PM 4553.79 11.98 0.04604 92.19697 
6/2/2019 8:35 PM 4591.77 11.98 0.04643 92.96582 
6/2/2019 8:36 PM 4553.47 11.98 0.04604 92.19045 
6/2/2019 8:37 PM 4563.45 11.98 0.04614 92.39260 
6/2/2019 8:38 PM 4415.64 11.98 0.04465 89.39995 
6/2/2019 8:39 PM 4282.61 11.98 0.04330 86.70666 
6/2/2019 8:40 PM 4230.69 11.98 0.04278 85.65535 
6/2/2019 8:41 PM 4390.83 11.98 0.04440 88.89765 
6/2/2019 8:42 PM 4404.01 11.98 0.04453 89.16448 
6/2/2019 8:43 PM 4422.68 11.98 0.04472 89.54254 
6/2/2019 8:44 PM 4408.00 11.98 0.04457 89.24519 
6/2/2019 8:45 PM 4391.52 11.98 0.04440 88.91158 







6/2/2019 8:46 PM 4461.14 11.98 0.04511 90.32105 
6/2/2019 8:47 PM 4542.98 11.98 0.04593 91.97815 
6/2/2019 8:48 PM 4587.54 11.98 0.04639 92.88034 
6/2/2019 8:49 PM 4571.13 11.98 0.04622 92.54799 
6/2/2019 8:50 PM 4599.48 11.98 0.04651 93.12209 
6/2/2019 8:51 PM 4563.36 9.30 0.03582 71.72240 
6/2/2019 8:52 PM 4561.54 9.30 0.03580 71.69368 
6/2/2019 8:53 PM 4546.46 9.30 0.03569 71.45668 
6/2/2019 8:54 PM 4552.51 9.30 0.03573 71.55175 
6/2/2019 8:55 PM 4591.42 9.30 0.03604 72.16330 
6/2/2019 8:56 PM 4550.35 9.30 0.03572 71.51785 
6/2/2019 8:57 PM 4485.62 9.30 0.03521 70.50053 
6/2/2019 8:58 PM 4266.54 9.30 0.03349 67.05725 
6/2/2019 8:59 PM 4701.07 9.30 0.03690 73.88679 
6/2/2019 9:00 PM 4414.30 9.30 0.03465 69.37952 
6/2/2019 9:01 PM 4322.27 9.30 0.03393 67.93315 
6/2/2019 9:02 PM 4451.13 9.30 0.03494 69.95847 
6/2/2019 9:03 PM 4477.79 9.30 0.03515 70.37748 
6/2/2019 9:04 PM 4454.29 9.30 0.03496 70.00806 
6/2/2019 9:05 PM 4467.31 9.30 0.03506 70.21271 
6/2/2019 9:06 PM 4470.66 9.30 0.03509 70.26536 
6/2/2019 9:07 PM 4506.76 9.30 0.03537 70.83270 
6/2/2019 9:08 PM 4472.75 9.30 0.03511 70.29825 
6/2/2019 9:09 PM 4470.92 9.30 0.03509 70.26939 
6/2/2019 9:10 PM 4415.28 9.30 0.03466 69.39496 
6/2/2019 9:11 PM 4352.78 9.30 0.03417 68.41262 
6/2/2019 9:12 PM 4462.34 9.30 0.03503 70.13459 
6/2/2019 9:13 PM 4580.42 9.30 0.03595 71.99041 
6/2/2019 9:14 PM 4635.99 9.30 0.03639 72.86393 
6/2/2019 9:15 PM 4497.25 9.30 0.03530 70.68326 
6/2/2019 9:16 PM 4416.88 9.30 0.03467 69.42009 
6/2/2019 9:17 PM 4462.71 9.30 0.03503 70.14048 
6/2/2019 9:18 PM 4583.73 9.30 0.03598 72.04241 
6/2/2019 9:19 PM 4445.05 9.30 0.03489 69.86278 
6/2/2019 9:20 PM 4510.00 9.30 0.03540 70.88364 
6/2/2019 9:21 PM 4603.04 9.30 0.03613 72.34599 
6/2/2019 9:22 PM 4607.33 9.30 0.03616 72.41342 
6/2/2019 9:23 PM 4563.64 9.30 0.03582 71.72680 
6/2/2019 9:24 PM 4591.61 9.30 0.03604 72.16629 
6/2/2019 9:25 PM 4574.84 9.30 0.03591 71.90275 
6/2/2019 9:26 PM 4603.18 9.30 0.03613 72.34814 
6/2/2019 9:27 PM 4571.81 9.30 0.03589 71.85511 
6/2/2019 9:28 PM 4554.88 9.30 0.03575 71.58904 
6/2/2019 9:29 PM 4413.56 9.30 0.03464 69.36789 
6/2/2019 9:30 PM 4367.58 9.30 0.03428 68.64519 
6/2/2019 9:31 PM 4406.78 9.30 0.03459 69.26135 
6/2/2019 9:32 PM 4400.86 9.30 0.03454 69.16837 







6/2/2019 9:33 PM 4427.13 9.30 0.03475 69.58124 
6/2/2019 9:34 PM 4385.94 9.30 0.03443 68.93389 
6/2/2019 9:35 PM 4568.90 9.30 0.03586 71.80936 
6/2/2019 9:36 PM 4600.50 9.30 0.03611 72.30599 
6/2/2019 9:37 PM 4535.97 9.30 0.03560 71.29181 
6/2/2019 9:38 PM 4584.23 9.30 0.03598 72.05035 
6/2/2019 9:39 PM 4584.94 9.30 0.03599 72.06155 
6/2/2019 9:40 PM 4606.63 9.30 0.03616 72.40241 
6/2/2019 9:41 PM 4601.59 9.30 0.03612 72.32316 
6/2/2019 9:42 PM 4567.77 9.30 0.03585 71.79170 
6/2/2019 9:43 PM 4450.44 9.30 0.03493 69.94764 
6/2/2019 9:44 PM 4521.26 9.30 0.03549 71.06057 
6/2/2019 9:45 PM 4654.34 9.30 0.03653 73.15230 
6/2/2019 9:46 PM 4577.94 9.30 0.03593 71.95149 
6/2/2019 9:47 PM 4546.05 9.30 0.03568 71.45027 
6/2/2019 9:48 PM 4460.86 9.30 0.03501 70.11126 
6/2/2019 9:49 PM 4431.76 9.30 0.03479 69.65399 
6/2/2019 9:50 PM 4394.81 9.30 0.03450 69.07321 
6/2/2019 9:51 PM 4434.96 10.51 0.03934 78.77338 
6/2/2019 9:52 PM 4413.96 10.51 0.03915 78.40031 
6/2/2019 9:53 PM 4430.28 10.51 0.03930 78.69022 
6/2/2019 9:54 PM 4393.84 10.51 0.03898 78.04291 
6/2/2019 9:55 PM 4286.59 10.51 0.03802 76.13795 
6/2/2019 9:56 PM 4399.30 10.51 0.03902 78.13984 
6/2/2019 9:57 PM 4487.60 10.51 0.03981 79.70839 
6/2/2019 9:58 PM 4604.08 10.51 0.04084 81.77727 
6/2/2019 9:59 PM 4497.00 10.51 0.03989 79.87518 


6/2/2019 10:00 PM 4643.42 10.51 0.04119 82.47593 
6/2/2019 10:01 PM 4354.43 10.51 0.03863 77.34300 
6/2/2019 10:02 PM 4247.07 10.51 0.03767 75.43602 
6/2/2019 10:03 PM 4201.81 10.51 0.03727 74.63206 
6/2/2019 10:04 PM 4413.88 10.51 0.03915 78.39895 
6/2/2019 10:05 PM 4406.71 10.51 0.03909 78.27151 
6/2/2019 10:06 PM 4377.79 10.51 0.03883 77.75785 
6/2/2019 10:07 PM 4409.66 10.51 0.03912 78.32397 
6/2/2019 10:08 PM 4416.50 10.51 0.03918 78.44536 
6/2/2019 10:09 PM 4581.74 10.51 0.04064 81.38038 
6/2/2019 10:10 PM 4583.45 10.51 0.04066 81.41079 
6/2/2019 10:11 PM 4535.10 10.51 0.04023 80.55206 
6/2/2019 10:12 PM 4833.01 10.51 0.04287 85.84346 
6/2/2019 10:13 PM 4422.94 10.51 0.03923 78.55985 
6/2/2019 10:14 PM 4397.41 10.51 0.03901 78.10644 
6/2/2019 10:15 PM 4561.98 10.51 0.04047 81.02952 
6/2/2019 10:16 PM 4555.49 10.51 0.04041 80.91410 
6/2/2019 10:17 PM 4565.93 10.51 0.04050 81.09959 
6/2/2019 10:18 PM 4554.38 10.51 0.04040 80.89452 
6/2/2019 10:19 PM 4531.91 10.51 0.04020 80.49525 







6/2/2019 10:20 PM 4659.55 10.51 0.04133 82.76252 
6/2/2019 10:21 PM 4528.14 10.51 0.04017 80.42835 
6/2/2019 10:22 PM 4536.24 10.51 0.04024 80.57233 
6/2/2019 10:23 PM 4495.58 10.51 0.03988 79.85010 
6/2/2019 10:24 PM 4482.40 10.51 0.03976 79.61589 
6/2/2019 10:25 PM 4489.62 10.51 0.03982 79.74422 
6/2/2019 10:26 PM 4532.25 10.51 0.04020 80.50128 
6/2/2019 10:27 PM 4499.90 10.51 0.03992 79.92676 
6/2/2019 10:28 PM 4566.11 10.51 0.04050 81.10279 
6/2/2019 10:29 PM 4651.76 10.51 0.04126 82.62409 
6/2/2019 10:30 PM 4671.66 10.51 0.04144 82.97748 
6/2/2019 10:31 PM 4644.28 10.51 0.04120 82.49117 
6/2/2019 10:32 PM 4511.24 10.51 0.04002 80.12818 
6/2/2019 10:33 PM 4522.75 10.51 0.04012 80.33259 
6/2/2019 10:34 PM 4706.33 10.51 0.04175 83.59343 
6/2/2019 10:35 PM 4512.93 10.51 0.04003 80.15819 
6/2/2019 10:36 PM 4530.02 10.51 0.04018 80.46174 
6/2/2019 10:37 PM 4484.07 10.51 0.03978 79.64552 
6/2/2019 10:38 PM 4566.95 10.51 0.04051 81.11770 
6/2/2019 10:39 PM 4415.93 10.51 0.03917 78.43534 
6/2/2019 10:40 PM 4550.11 10.51 0.04036 80.81866 
6/2/2019 10:41 PM 4677.95 10.51 0.04150 83.08934 
6/2/2019 10:42 PM 4590.55 10.51 0.04072 81.53691 
6/2/2019 10:43 PM 4602.91 10.51 0.04083 81.75634 
6/2/2019 10:44 PM 4644.90 10.51 0.04120 82.50231 
6/2/2019 10:45 PM 4463.79 10.51 0.03960 79.28545 
6/2/2019 10:46 PM 4620.48 10.51 0.04099 82.06844 
6/2/2019 10:47 PM 4619.66 10.51 0.04098 82.05398 
6/2/2019 10:48 PM 4674.90 10.51 0.04147 83.03510 
6/2/2019 10:49 PM 4567.90 10.51 0.04052 81.13467 
6/2/2019 10:50 PM 4584.35 10.51 0.04067 81.42670 
6/2/2019 10:51 PM 4669.16 10.57 0.04165 83.40654 
6/2/2019 10:52 PM 4666.14 10.57 0.04163 83.35259 
6/2/2019 10:53 PM 4695.94 10.57 0.04189 83.88501 
6/2/2019 10:54 PM 4531.72 10.57 0.04043 80.95140 
6/2/2019 10:55 PM 4550.50 10.57 0.04060 81.28692 
6/2/2019 10:56 PM 4651.64 10.57 0.04150 83.09373 
6/2/2019 10:57 PM 4511.60 10.57 0.04025 80.59215 
6/2/2019 10:58 PM 4501.67 10.57 0.04016 80.41464 
6/2/2019 10:59 PM 4591.48 10.57 0.04096 82.01903 
6/2/2019 11:00 PM 4709.30 10.57 0.04201 84.12359 
6/2/2019 11:01 PM 4593.01 10.57 0.04097 82.04624 
6/2/2019 11:02 PM 4615.25 10.57 0.04117 82.44366 
6/2/2019 11:03 PM 4513.73 10.57 0.04027 80.63015 
6/2/2019 11:04 PM 4349.31 10.57 0.03880 77.69305 
6/2/2019 11:05 PM 2828.27 10.57 0.02523 50.52223 
6/2/2019 11:34 PM 1503.19 10.57 0.01341 26.85195 







6/2/2019 11:35 PM 4436.52 10.57 0.03958 79.25096 
6/2/2019 11:36 PM 4630.08 10.57 0.04131 82.70851 
6/2/2019 11:37 PM 4783.44 10.57 0.04267 85.44807 
6/2/2019 11:38 PM 4680.33 10.57 0.04175 83.60606 
6/2/2019 11:39 PM 4686.59 10.57 0.04181 83.71788 
6/2/2019 11:40 PM 4807.39 10.57 0.04289 85.87582 
6/2/2019 11:41 PM 4515.92 10.57 0.04029 80.66922 
6/2/2019 11:42 PM 3660.96 10.57 0.03266 65.39691 


 
















 


 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident  
(June 23-26, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on June 23, 2019, at 
approximately 1930 hours and lasted intermittently, until June 26, 2019, at 
approximately 1901 hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 1.85 tons (~ 3,699 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
 


  







 


Response:  
 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 


consistent with minimizing the duration and emissions from the Incident.  
    


iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 
of that Acid Gas Flaring Incident, to the extent determinable; 


  
Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 
 Response: 


EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


  







 


vii.  To the extent that investigations of the causes and/or possible corrective 
actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(June 23-26, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


June 23, 2019 Time: ~ 1930 hours 


Incident End 
Date: 


June 26, 2019 Time:  ~ 1901 hours 


Investigation 
Start Date: 


June 23, 2019 
Incident 
Duration: 


4,291 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 3,699 tons: 1.85 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


6/23-26/2019 1930-1901 hours^ 2,194 
HP Flare (SN-822)  
LP Flare (SN-823) 


^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Danny Smeltzer Area 1 Operations Manager 
2. Alex Hulsey Environmental Specialist 


 
 
Investigation and Analysis: 
 
On June 23, 2019 at approximately 1930 hours the El Dorado Refinery (EDR) experienced a 
Hydrocarbon Flaring Incident that lasted intermittently until approximately 1901 hours on June 
26, 2019. 
 
Sulfur dioxide (SO2) emissions occurred from both flares [High Pressure (HP) and Low Pressure 
(LP)], due to a refinery-wide power outage attributed to Entergy tripping the El Dorado East and 
West Substations (115 kV) during severe thunderstorms packed with intense thunder and lightning 
as well as straight line winds with speeds in excess of 60 miles per hour that moved through the 
El Dorado community the evening of June 23, 2019.  Entergy manually reset both offsite 
substations restoring power to the impacted portions of the El Dorado community including the 
refinery later in the evening on June 23, 2019.  The EDR safely stabilized all operating units during 
the power outage. The flaring continued intermittently during the refinery-wide emergency 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (June 23-26, 2019) 
Investigation and Root Cause 
 
shutdown activities as well as during the controlled and safe start-up of all EDR operating units 
until the evening of June 26, 2019.  The EDR safety systems operated as designed and associated 
shutdown operating procedures were followed accordingly.       
 
Root Causes: 
    
Entergy’s East and West Substations (both located offsite from the EDR) tripped during a severe 
thunderstorm which resulted in a refinery-wide emergency shutdown.  Falls Analysis performed 
by Entergy indicated multiple strikes within close proximity of the T-Line during the incident that 
correlated with the breaker operations.  Entergy has stated a line patrol is scheduled for this line 
section.   
 
The power outage caused EDR operating units to shut down which resulted in HP and LP flaring 
events, which continued intermittently until all units were safely started up in a controlled manner. 
 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


EDR safety systems operated as 
designed and associated shutdown 
operating procedures were 
followed accordingly.  Evaluate 
the shutdown procedures to 
determine if any continuous 
opportunities exist. 


Danny 
Smeltzer 


Area 1 Operations 
Manager 


6/23/19 6/26/19 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(June 23-26, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


High Pressure (HP) Flare (SN-822) 0.38 


Low Pressure (LP) Flare (SN-823) 1.47 


Event (Total) ~ 1.85 


Average SO2 
Emission Rate 


(lb/hr) 


HP Flare (SN-822) 120.9 


LP Flare (SN-823) 97.2 


Event (Total) 218.1 


 
 
The event data that populated the table above is as follows for the HP Flare (SN-822) and LP 
Flare (SN-823), respectively. 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


6/23/2019 7:30 PM 5452.45 0.38 0.00175 3.50156 
6/23/2019 7:31 PM 5183.06 0.38 0.00166 3.32856 
6/23/2019 7:32 PM 4241.71 0.38 0.00136 2.72403 
6/23/2019 7:33 PM 4233.86 0.38 0.00136 2.71899 
6/23/2019 7:34 PM 4188.58 0.38 0.00134 2.68990 
6/23/2019 7:35 PM 4028.30 0.38 0.00129 2.58697 
6/23/2019 7:36 PM 3966.00 0.38 0.00127 2.54696 
6/23/2019 7:37 PM 3818.59 0.38 0.00122 2.45230 
6/23/2019 7:38 PM 3634.60 0.38 0.00117 2.33414 
6/23/2019 7:39 PM 3553.08 0.38 0.00114 2.28179 
6/23/2019 7:40 PM 3491.85 0.38 0.00112 2.24246 
6/23/2019 7:41 PM 3497.99 0.38 0.00112 2.24641 
6/23/2019 7:42 PM 3463.84 0.38 0.00111 2.22448 
6/23/2019 7:43 PM 3464.11 0.38 0.00111 2.22465 
6/23/2019 7:44 PM 3455.14 0.38 0.00111 2.21889 
6/23/2019 7:45 PM 3281.76 0.38 0.00105 2.10754 







6/23/2019 7:46 PM 3175.60 0.38 0.00102 2.03937 
6/23/2019 7:47 PM 3157.33 0.38 0.00101 2.02764 
6/23/2019 7:48 PM 2917.15 0.38 0.00094 1.87339 
6/23/2019 7:49 PM 2759.64 0.38 0.00089 1.77224 
6/23/2019 7:50 PM 2631.56 0.38 0.00084 1.68999 
6/23/2019 7:51 PM 2626.54 0.38 0.00084 1.68676 
6/23/2019 7:52 PM 2498.93 0.38 0.00080 1.60481 
6/23/2019 7:53 PM 2419.25 0.38 0.00078 1.55365 
6/23/2019 7:54 PM 2277.92 0.38 0.00073 1.46288 
6/23/2019 7:55 PM 2717.06 0.38 0.00087 1.74489 
6/23/2019 7:56 PM 3502.34 0.38 0.00112 2.24920 
6/23/2019 7:57 PM 3451.25 0.38 0.00111 2.21639 
6/23/2019 7:58 PM 3172.39 0.38 0.00102 2.03731 
6/23/2019 7:59 PM 2631.91 0.38 0.00084 1.69021 
6/23/2019 8:00 PM 1851.92 0.38 0.00059 1.18931 
6/23/2019 8:01 PM 1662.00 0.38 0.00053 1.06734 
6/23/2019 8:02 PM 1548.20 0.38 0.00050 0.99426 
6/23/2019 8:03 PM 1499.42 0.38 0.00048 0.96292 
6/23/2019 8:04 PM 1414.58 0.38 0.00045 0.90844 
6/23/2019 8:05 PM 1309.55 0.38 0.00042 0.84099 
6/23/2019 8:06 PM 1251.58 0.38 0.00040 0.80376 
6/23/2019 8:07 PM 1211.08 0.38 0.00039 0.77776 
6/23/2019 8:08 PM 1162.19 0.38 0.00037 0.74636 
6/23/2019 8:09 PM 1104.02 0.38 0.00035 0.70900 
6/23/2019 8:10 PM 1117.77 0.38 0.00036 0.71783 
6/23/2019 8:11 PM 1081.56 0.38 0.00035 0.69458 
6/23/2019 8:12 PM 1148.78 0.38 0.00037 0.73775 
6/23/2019 8:13 PM 690.90 0.38 0.00022 0.44370 
6/23/2019 8:33 PM 1894.04 0.02 0.00003 0.06402 
6/24/2019 5:02 AM 3672.85 0.02 0.00006 0.12414 
6/24/2019 5:03 AM 804.01 0.02 0.00001 0.02718 
6/24/2019 5:04 AM 566.06 0.02 0.00001 0.01913 
6/24/2019 5:05 AM 444.10 0.02 0.00001 0.01501 
6/24/2019 5:06 AM 449.14 0.02 0.00001 0.01518 
6/24/2019 5:07 AM 361.45 0.02 0.00001 0.01222 
6/24/2019 5:08 AM 354.34 0.02 0.00001 0.01198 
6/24/2019 5:09 AM 350.81 0.02 0.00001 0.01186 
6/24/2019 5:10 AM 308.70 0.02 0.00001 0.01043 
6/24/2019 5:11 AM 298.60 0.02 0.00001 0.01009 
6/24/2019 5:12 AM 258.57 0.02 0.00000 0.00874 
6/24/2019 5:13 AM 245.41 0.02 0.00000 0.00829 
6/24/2019 5:14 AM 279.78 0.02 0.00000 0.00946 
6/24/2019 5:15 AM 294.80 0.02 0.00000 0.00996 
6/24/2019 5:16 AM 252.54 0.02 0.00000 0.00854 
6/24/2019 5:17 AM 189.58 0.02 0.00000 0.00641 
6/24/2019 5:18 AM 140.23 0.02 0.00000 0.00474 
6/24/2019 5:19 AM 209.16 0.02 0.00000 0.00707 







6/24/2019 5:20 AM 177.52 0.02 0.00000 0.00600 
6/24/2019 5:21 AM 234.97 0.02 0.00000 0.00794 
6/24/2019 5:22 AM 188.57 0.02 0.00000 0.00637 
6/24/2019 5:23 AM 228.75 0.02 0.00000 0.00773 
6/24/2019 5:24 AM 321.57 0.02 0.00001 0.01087 
6/24/2019 5:25 AM 676.14 0.02 0.00001 0.02285 
6/24/2019 5:26 AM 694.71 0.02 0.00001 0.02348 
6/24/2019 5:27 AM 693.34 0.02 0.00001 0.02344 
6/24/2019 5:28 AM 712.36 0.02 0.00001 0.02408 
6/24/2019 5:29 AM 710.64 0.02 0.00001 0.02402 
6/24/2019 5:30 AM 698.18 0.02 0.00001 0.02360 
6/24/2019 5:31 AM 742.72 0.02 0.00001 0.02510 
6/24/2019 5:32 AM 761.61 0.02 0.00001 0.02574 
6/24/2019 5:33 AM 785.12 0.02 0.00001 0.02654 
6/24/2019 5:34 AM 764.11 0.02 0.00001 0.02583 
6/24/2019 5:35 AM 739.59 0.02 0.00001 0.02500 
6/24/2019 5:36 AM 723.66 0.02 0.00001 0.02446 
6/24/2019 5:37 AM 785.47 0.02 0.00001 0.02655 
6/24/2019 5:38 AM 839.86 0.02 0.00001 0.02839 
6/24/2019 5:39 AM 797.14 0.02 0.00001 0.02694 
6/24/2019 5:40 AM 825.05 0.02 0.00001 0.02789 
6/24/2019 5:41 AM 807.04 0.02 0.00001 0.02728 
6/24/2019 5:42 AM 795.29 0.02 0.00001 0.02688 
6/24/2019 5:43 AM 831.22 0.02 0.00001 0.02810 
6/24/2019 5:44 AM 828.99 0.02 0.00001 0.02802 
6/24/2019 5:45 AM 681.94 0.02 0.00001 0.02305 
6/24/2019 5:46 AM 248.02 0.02 0.00000 0.00838 
6/24/2019 5:47 AM 87.19 0.02 0.00000 0.00295 
6/24/2019 5:48 AM 20.50 0.02 0.00000 0.00069 
6/24/2019 6:07 AM 5198.48 0.02 0.00009 0.17571 
6/24/2019 6:08 AM 5930.54 0.02 0.00010 0.20045 
6/24/2019 6:09 AM 5990.70 0.02 0.00010 0.20249 
6/24/2019 6:10 AM 6067.37 0.02 0.00010 0.20508 
6/24/2019 6:11 AM 6146.09 0.02 0.00010 0.20774 
6/24/2019 6:12 AM 6002.46 0.02 0.00010 0.20288 
6/24/2019 6:13 AM 5876.67 0.02 0.00010 0.19863 
6/24/2019 6:14 AM 5949.20 0.02 0.00010 0.20108 
6/24/2019 6:15 AM 5880.95 0.02 0.00010 0.19878 
6/24/2019 6:16 AM 5897.83 0.02 0.00010 0.19935 
6/24/2019 6:17 AM 5940.13 0.02 0.00010 0.20078 
6/24/2019 6:18 AM 5941.87 0.02 0.00010 0.20084 
6/24/2019 6:19 AM 5974.96 0.02 0.00010 0.20195 
6/24/2019 6:20 AM 5950.88 0.02 0.00010 0.20114 
6/24/2019 6:21 AM 5892.76 0.02 0.00010 0.19918 
6/24/2019 6:22 AM 5700.44 0.02 0.00010 0.19267 
6/24/2019 6:23 AM 80.46 0.02 0.00000 0.00272 
6/24/2019 7:34 AM 3786.77 1.09 0.00348 6.97561 







6/24/2019 7:35 AM 5573.58 1.09 0.00513 10.26708 
6/24/2019 7:36 AM 5550.44 1.09 0.00511 10.22446 
6/24/2019 7:37 AM 5355.18 1.09 0.00493 9.86478 
6/24/2019 7:38 AM 5359.80 1.09 0.00493 9.87329 
6/24/2019 7:39 AM 818.37 1.09 0.00075 1.50751 
6/24/2019 8:12 AM 3875.74 1.09 0.00357 7.13950 
6/24/2019 8:13 AM 5636.88 1.09 0.00519 10.38370 
6/24/2019 8:14 AM 5647.07 1.09 0.00520 10.40247 
6/24/2019 8:15 AM 6111.09 1.09 0.00562 11.25724 
6/24/2019 8:16 AM 6111.52 1.09 0.00562 11.25803 
6/24/2019 8:17 AM 6120.28 1.09 0.00563 11.27417 
6/24/2019 8:18 AM 6107.76 1.09 0.00562 11.25110 
6/24/2019 8:19 AM 6179.68 1.09 0.00569 11.38360 
6/24/2019 8:20 AM 6058.61 1.09 0.00557 11.16057 
6/24/2019 8:21 AM 5897.35 1.09 0.00543 10.86350 
6/24/2019 8:22 AM 5837.09 1.09 0.00537 10.75249 
6/24/2019 8:23 AM 3685.96 1.09 0.00339 6.78990 
6/24/2019 8:25 AM 3698.74 1.09 0.00340 6.81345 
6/24/2019 8:26 AM 4449.40 1.09 0.00409 8.19623 
6/24/2019 8:59 AM 1835.57 0.02 0.00003 0.06204 
6/24/2019 9:00 AM 395.29 0.02 0.00001 0.01336 
6/24/2019 9:06 AM 924.40 0.02 0.00002 0.03124 
6/24/2019 9:07 AM 830.39 0.02 0.00001 0.02807 
6/24/2019 9:08 AM 3.89 0.02 0.00000 0.00013 
6/24/2019 9:10 AM 20.47 0.02 0.00000 0.00069 


6/24/2019 5:00 PM 751.59 0.02 0.00001 0.02540 
6/24/2019 5:01 PM 1645.12 0.02 0.00003 0.05561 
6/24/2019 5:02 PM 906.06 0.02 0.00002 0.03062 
6/24/2019 5:03 PM 871.83 0.02 0.00001 0.02947 
6/24/2019 5:04 PM 216.32 0.02 0.00000 0.00731 
6/24/2019 5:06 PM 2073.46 0.02 0.00004 0.07008 
6/24/2019 5:07 PM 1773.14 0.02 0.00003 0.05993 
6/24/2019 5:08 PM 1436.93 0.02 0.00002 0.04857 
6/24/2019 5:09 PM 965.80 0.02 0.00002 0.03264 
6/24/2019 5:10 PM 739.57 0.02 0.00001 0.02500 
6/24/2019 5:11 PM 538.38 0.02 0.00001 0.01820 
6/24/2019 5:13 PM 2285.09 0.02 0.00004 0.07724 
6/24/2019 5:14 PM 2993.61 0.02 0.00005 0.10118 
6/24/2019 5:15 PM 1650.89 0.02 0.00003 0.05580 
6/24/2019 5:16 PM 2541.38 0.02 0.00004 0.08590 
6/24/2019 5:17 PM 3838.84 0.02 0.00006 0.12975 
6/24/2019 5:18 PM 4893.21 0.02 0.00008 0.16539 
6/24/2019 5:19 PM 1629.60 0.02 0.00003 0.05508 
6/24/2019 5:20 PM 129.17 0.02 0.00000 0.00437 
6/24/2019 5:21 PM 4989.37 0.02 0.00008 0.16864 
6/24/2019 5:22 PM 4474.70 0.02 0.00008 0.15124 
6/24/2019 5:23 PM 1590.45 0.02 0.00003 0.05376 







6/24/2019 5:24 PM 561.51 0.02 0.00001 0.01898 
6/24/2019 5:25 PM 569.95 0.02 0.00001 0.01926 
6/24/2019 5:26 PM 705.06 0.02 0.00001 0.02383 
6/24/2019 5:27 PM 117.28 0.02 0.00000 0.00396 
6/24/2019 5:28 PM 4340.38 0.02 0.00007 0.14670 
6/24/2019 5:29 PM 1722.24 0.02 0.00003 0.05821 
6/24/2019 5:30 PM 1294.59 0.02 0.00002 0.04376 
6/24/2019 5:31 PM 2529.41 0.02 0.00004 0.08549 
6/24/2019 5:32 PM 4009.79 0.02 0.00007 0.13553 
6/24/2019 5:33 PM 6770.41 0.02 0.00011 0.22884 
6/24/2019 5:34 PM 97.54 0.02 0.00000 0.00330 
6/24/2019 5:35 PM 915.04 0.02 0.00002 0.03093 
6/24/2019 5:36 PM 5990.53 0.02 0.00010 0.20248 
6/24/2019 5:37 PM 4776.10 0.02 0.00008 0.16143 
6/24/2019 5:38 PM 2306.35 0.02 0.00004 0.07795 
6/24/2019 5:39 PM 3700.77 0.02 0.00006 0.12509 
6/24/2019 5:40 PM 3894.48 0.02 0.00007 0.13163 
6/24/2019 5:41 PM 4231.13 0.02 0.00007 0.14301 
6/24/2019 5:44 PM 2146.54 0.02 0.00004 0.07255 
6/24/2019 5:45 PM 4248.54 0.02 0.00007 0.14360 
6/24/2019 5:46 PM 4610.16 0.02 0.00008 0.15582 
6/24/2019 5:47 PM 4656.10 0.02 0.00008 0.15738 
6/24/2019 5:48 PM 2866.60 0.02 0.00005 0.09689 
6/24/2019 5:50 PM 103.07 0.02 0.00000 0.00348 
6/24/2019 5:51 PM 3922.29 0.02 0.00007 0.13257 
6/24/2019 5:52 PM 4262.89 0.02 0.00007 0.14409 
6/24/2019 5:53 PM 592.21 0.02 0.00001 0.02002 
6/24/2019 5:54 PM 1815.28 0.02 0.00003 0.06136 
6/24/2019 5:55 PM 3773.63 0.02 0.00006 0.12755 
6/24/2019 5:56 PM 1354.31 0.02 0.00002 0.04578 
6/24/2019 5:58 PM 2241.82 0.02 0.00004 0.07577 
6/24/2019 5:59 PM 4413.50 0.02 0.00007 0.14918 
6/24/2019 6:00 PM 3736.15 0.02 0.00006 0.12628 
6/24/2019 6:01 PM 696.62 0.02 0.00001 0.02355 
6/24/2019 6:02 PM 3876.27 0.02 0.00007 0.13102 
6/24/2019 6:03 PM 4117.59 0.02 0.00007 0.13917 
6/24/2019 6:04 PM 57.02 0.02 0.00000 0.00193 
6/24/2019 6:05 PM 698.41 0.02 0.00001 0.02361 
6/24/2019 6:06 PM 4124.60 0.02 0.00007 0.13941 
6/24/2019 6:07 PM 4307.42 0.02 0.00007 0.14559 
6/24/2019 6:08 PM 725.07 0.02 0.00001 0.02451 
6/24/2019 6:09 PM 3917.94 0.02 0.00007 0.13243 
6/24/2019 6:10 PM 4275.54 0.02 0.00007 0.14451 
6/24/2019 6:11 PM 2162.46 0.02 0.00004 0.07309 
6/24/2019 6:13 PM 1972.89 0.02 0.00003 0.06668 
6/24/2019 6:14 PM 4070.54 0.02 0.00007 0.13758 
6/24/2019 6:15 PM 3740.12 0.02 0.00006 0.12642 







6/24/2019 6:16 PM 1484.38 0.02 0.00003 0.05017 
6/24/2019 6:17 PM 4364.96 0.02 0.00007 0.14754 
6/24/2019 6:18 PM 5156.73 0.02 0.00009 0.17430 
6/24/2019 6:19 PM 747.31 0.02 0.00001 0.02526 
6/24/2019 6:21 PM 2601.34 0.02 0.00004 0.08793 
6/24/2019 6:22 PM 3738.98 0.02 0.00006 0.12638 
6/24/2019 6:23 PM 837.28 0.02 0.00001 0.02830 
6/24/2019 6:24 PM 569.32 0.02 0.00001 0.01924 
6/24/2019 6:25 PM 3526.88 0.02 0.00006 0.11921 
6/24/2019 6:26 PM 1251.48 0.02 0.00002 0.04230 
6/24/2019 6:28 PM 2207.18 0.02 0.00004 0.07460 
6/24/2019 6:29 PM 5683.83 0.02 0.00010 0.19211 
6/24/2019 6:30 PM 3445.98 0.02 0.00006 0.11647 
6/24/2019 6:31 PM 3020.05 0.02 0.00005 0.10208 
6/24/2019 6:32 PM 4515.35 0.02 0.00008 0.15262 
6/24/2019 6:33 PM 4710.72 0.02 0.00008 0.15922 
6/24/2019 6:34 PM 69.61 0.02 0.00000 0.00235 
6/24/2019 6:35 PM 123.50 0.02 0.00000 0.00417 
6/24/2019 6:36 PM 4304.91 0.02 0.00007 0.14551 
6/24/2019 6:37 PM 3638.19 0.02 0.00006 0.12297 
6/24/2019 6:38 PM 728.06 0.02 0.00001 0.02461 
6/24/2019 6:39 PM 3912.64 0.02 0.00007 0.13225 
6/24/2019 6:40 PM 4119.99 0.02 0.00007 0.13926 
6/24/2019 6:41 PM 2095.80 0.02 0.00004 0.07084 
6/24/2019 6:43 PM 3233.27 0.02 0.00005 0.10928 
6/24/2019 6:44 PM 3700.12 0.02 0.00006 0.12506 
6/24/2019 6:45 PM 2349.18 0.02 0.00004 0.07940 
6/24/2019 6:46 PM 2767.90 0.02 0.00005 0.09355 
6/24/2019 6:47 PM 4400.62 0.02 0.00007 0.14874 
6/24/2019 6:48 PM 3694.45 0.02 0.00006 0.12487 
6/24/2019 6:50 PM 700.17 0.02 0.00001 0.02367 
6/24/2019 6:51 PM 4443.70 0.02 0.00008 0.15020 
6/24/2019 6:52 PM 5153.61 0.02 0.00009 0.17419 
6/24/2019 6:53 PM 1517.19 0.02 0.00003 0.05128 
6/24/2019 6:54 PM 4255.00 0.02 0.00007 0.14382 
6/24/2019 6:55 PM 4983.85 0.02 0.00008 0.16845 
6/24/2019 6:56 PM 4074.68 0.02 0.00007 0.13772 
6/24/2019 6:58 PM 1560.76 0.02 0.00003 0.05275 
6/24/2019 6:59 PM 5212.10 0.02 0.00009 0.17617 
6/24/2019 7:00 PM 5042.59 0.02 0.00009 0.17044 
6/24/2019 7:01 PM 5340.37 0.02 0.00009 0.18050 
6/24/2019 7:02 PM 5082.45 0.02 0.00009 0.17179 
6/24/2019 7:03 PM 4980.01 0.02 0.00008 0.16832 
6/24/2019 7:04 PM 755.00 0.02 0.00001 0.02552 
6/24/2019 7:06 PM 3601.10 0.02 0.00006 0.12172 
6/24/2019 7:07 PM 3603.37 0.02 0.00006 0.12179 
6/24/2019 7:08 PM 715.21 0.02 0.00001 0.02417 







6/24/2019 7:09 PM 3967.39 0.02 0.00007 0.13410 
6/24/2019 7:10 PM 4458.53 0.02 0.00008 0.15070 
6/24/2019 7:11 PM 3371.93 0.18 0.00051 1.02574 
6/24/2019 7:13 PM 3481.02 0.18 0.00053 1.05893 
6/24/2019 7:14 PM 5163.85 0.18 0.00078 1.57084 
6/24/2019 7:15 PM 818.38 0.18 0.00012 0.24895 
6/24/2019 7:16 PM 723.14 0.18 0.00011 0.21998 
6/24/2019 7:17 PM 4098.71 0.18 0.00062 1.24683 
6/24/2019 7:18 PM 2934.07 0.18 0.00045 0.89254 
6/24/2019 7:20 PM 123.34 0.18 0.00002 0.03752 
6/24/2019 7:21 PM 4534.22 0.18 0.00069 1.37931 
6/24/2019 7:22 PM 5029.37 0.18 0.00076 1.52993 
6/24/2019 7:23 PM 2226.42 0.18 0.00034 0.67728 
6/24/2019 7:24 PM 4034.14 0.18 0.00061 1.22719 
6/24/2019 7:25 PM 4542.50 0.18 0.00069 1.38183 
6/24/2019 7:26 PM 2440.95 0.18 0.00037 0.74254 
6/24/2019 7:28 PM 2826.02 0.18 0.00043 0.85968 
6/24/2019 7:29 PM 1963.68 0.18 0.00030 0.59735 
6/24/2019 7:30 PM 85.11 0.18 0.00001 0.02589 
6/24/2019 7:31 PM 130.32 0.18 0.00002 0.03964 
6/24/2019 7:32 PM 328.23 0.18 0.00005 0.09985 
6/24/2019 7:33 PM 46.75 0.18 0.00001 0.01422 


6/25/2019 1:55 AM 189.07 1.01 0.00016 0.32273 
6/25/2019 1:56 AM 4126.01 1.01 0.00352 7.04268 
6/25/2019 1:57 AM 251.39 1.01 0.00021 0.42909 
6/25/2019 1:58 AM 2387.93 1.01 0.00204 4.07596 
6/25/2019 1:59 AM 1341.18 1.01 0.00114 2.28926 
6/25/2019 2:00 AM 663.75 1.01 0.00057 1.13295 
6/25/2019 2:01 AM 375.43 1.01 0.00032 0.64082 
6/25/2019 2:02 AM 723.51 1.01 0.00062 1.23496 
6/25/2019 2:03 AM 945.09 1.01 0.00081 1.61317 
6/25/2019 2:04 AM 199.14 1.01 0.00017 0.33992 
6/25/2019 2:05 AM 263.86 1.01 0.00022 0.45039 
6/25/2019 2:06 AM 1025.49 1.01 0.00087 1.75041 
6/25/2019 2:07 AM 717.53 1.01 0.00061 1.22475 
6/25/2019 2:08 AM 327.89 1.01 0.00028 0.55968 
6/25/2019 2:09 AM 442.72 1.01 0.00038 0.75567 
6/25/2019 2:10 AM 950.78 1.01 0.00081 1.62288 
6/25/2019 2:11 AM 738.93 1.01 0.00063 1.26128 
6/25/2019 2:12 AM 1491.74 1.01 0.00127 2.54625 
6/25/2019 2:13 AM 4530.42 1.01 0.00386 7.73297 
6/25/2019 2:14 AM 2519.63 1.01 0.00215 4.30076 
6/25/2019 2:15 AM 4004.27 1.01 0.00341 6.83489 
6/25/2019 2:16 AM 4608.69 1.01 0.00393 7.86658 
6/25/2019 2:17 AM 5826.20 1.01 0.00497 9.94474 
6/25/2019 2:18 AM 7461.21 1.01 0.00636 12.73554 
6/25/2019 2:19 AM 1032.42 1.01 0.00088 1.76224 







6/25/2019 2:20 AM 4256.96 1.01 0.00363 7.26621 
6/25/2019 2:21 AM 8133.85 1.01 0.00693 13.88367 
6/25/2019 2:22 AM 6114.49 1.01 0.00521 10.43681 
6/25/2019 2:23 AM 5815.52 1.01 0.00496 9.92651 
6/25/2019 2:24 AM 6254.33 1.01 0.00533 10.67552 
6/25/2019 2:25 AM 7724.26 1.01 0.00658 13.18454 
6/25/2019 2:26 AM 8383.23 1.01 0.00715 14.30933 
6/25/2019 2:27 AM 1358.19 1.01 0.00116 2.31829 
6/25/2019 2:28 AM 7167.94 1.01 0.00611 12.23496 
6/25/2019 2:29 AM 9442.81 1.01 0.00805 16.11793 
6/25/2019 2:30 AM 7965.95 1.01 0.00679 13.59708 
6/25/2019 2:31 AM 7160.96 1.01 0.00610 12.22305 
6/25/2019 2:32 AM 7448.69 1.01 0.00635 12.71416 
6/25/2019 2:33 AM 8975.19 1.01 0.00765 15.31975 
6/25/2019 2:34 AM 3994.82 1.01 0.00341 6.81875 
6/25/2019 2:35 AM 6128.26 1.01 0.00522 10.46032 
6/25/2019 2:36 AM 6034.68 1.01 0.00514 10.30059 
6/25/2019 2:37 AM 197.88 1.01 0.00017 0.33777 
6/25/2019 2:38 AM 372.87 1.01 0.00032 0.63646 
6/25/2019 2:39 AM 552.55 1.01 0.00047 0.94316 
6/25/2019 2:40 AM 1095.12 1.01 0.00093 1.86926 
6/25/2019 2:41 AM 1455.73 1.01 0.00124 2.48478 
6/25/2019 2:42 AM 1552.54 1.01 0.00132 2.65002 
6/25/2019 2:43 AM 4956.63 1.01 0.00423 8.46047 
6/25/2019 2:44 AM 5533.71 1.01 0.00472 9.44549 
6/25/2019 2:45 AM 7380.91 1.01 0.00629 12.59848 
6/25/2019 2:46 AM 6764.85 1.01 0.00577 11.54693 
6/25/2019 2:47 AM 7610.76 1.01 0.00649 12.99081 
6/25/2019 2:48 AM 8560.00 1.01 0.00730 14.61107 
6/25/2019 2:49 AM 2294.23 1.01 0.00196 3.91602 
6/25/2019 2:50 AM 5711.53 1.01 0.00487 9.74901 
6/25/2019 2:51 AM 8711.24 1.01 0.00743 14.86921 
6/25/2019 2:52 AM 7622.28 1.01 0.00650 13.01047 
6/25/2019 2:53 AM 6949.04 1.01 0.00592 11.86131 
6/25/2019 2:54 AM 7378.79 1.01 0.00629 12.59486 
6/25/2019 2:55 AM 8057.52 1.01 0.00687 13.75338 
6/25/2019 2:56 AM 8486.61 0.12 0.00086 1.72108 
6/25/2019 2:57 AM 1231.98 0.12 0.00012 0.24985 
6/25/2019 2:58 AM 7939.10 0.12 0.00080 1.61005 
6/25/2019 2:59 AM 8630.74 0.12 0.00087 1.75031 
6/25/2019 3:00 AM 7661.12 0.12 0.00078 1.55368 
6/25/2019 3:01 AM 7114.93 0.12 0.00072 1.44291 
6/25/2019 3:02 AM 7145.01 0.12 0.00072 1.44901 
6/25/2019 3:03 AM 8868.22 0.12 0.00090 1.79847 
6/25/2019 3:04 AM 3655.20 0.12 0.00037 0.74127 
6/25/2019 3:05 AM 5711.59 0.12 0.00058 1.15831 
6/25/2019 3:06 AM 8335.21 0.12 0.00084 1.69038 







6/25/2019 3:07 AM 8924.68 0.12 0.00090 1.80992 
6/25/2019 3:08 AM 7713.91 0.12 0.00078 1.56438 
6/25/2019 3:09 AM 7155.20 0.12 0.00072 1.45107 
6/25/2019 3:10 AM 8170.99 0.12 0.00083 1.65708 
6/25/2019 3:11 AM 8654.79 0.12 0.00088 1.75519 
6/25/2019 3:12 AM 1356.01 0.12 0.00014 0.27500 
6/25/2019 3:13 AM 7783.47 0.12 0.00079 1.57849 
6/25/2019 3:14 AM 9151.84 0.12 0.00093 1.85599 
6/25/2019 3:15 AM 7903.09 0.12 0.00080 1.60275 
6/25/2019 3:16 AM 6664.37 0.12 0.00067 1.35153 
6/25/2019 3:17 AM 7529.74 0.12 0.00076 1.52703 
6/25/2019 3:18 AM 8546.10 0.12 0.00087 1.73315 
6/25/2019 3:19 AM 2617.80 0.12 0.00027 0.53089 
6/25/2019 3:20 AM 3565.85 0.12 0.00036 0.72316 
6/25/2019 3:21 AM 1223.61 0.12 0.00012 0.24815 
6/25/2019 3:22 AM 1084.06 0.12 0.00011 0.21985 
6/25/2019 3:23 AM 570.63 0.12 0.00006 0.11572 
6/25/2019 3:24 AM 387.97 0.12 0.00004 0.07868 
6/25/2019 3:25 AM 1048.92 0.12 0.00011 0.21272 
6/25/2019 3:26 AM 1650.38 0.12 0.00017 0.33470 
6/25/2019 3:27 AM 2304.00 0.12 0.00023 0.46725 
6/25/2019 3:28 AM 1337.49 0.12 0.00014 0.27124 
6/25/2019 3:29 AM 1227.59 0.12 0.00012 0.24895 
6/25/2019 3:30 AM 1103.57 0.12 0.00011 0.22380 
6/25/2019 3:31 AM 2598.06 0.12 0.00026 0.52689 
6/25/2019 3:32 AM 3818.45 0.12 0.00039 0.77438 
6/25/2019 3:33 AM 1698.64 0.12 0.00017 0.34448 
6/25/2019 3:34 AM 767.30 0.12 0.00008 0.15561 
6/25/2019 3:35 AM 1433.47 0.12 0.00015 0.29071 
6/25/2019 3:43 AM 5019.83 0.12 0.00051 1.01802 
6/25/2019 3:44 AM 7182.75 0.12 0.00073 1.45666 
6/25/2019 3:45 AM 93.68 0.12 0.00001 0.01900 
6/25/2019 3:48 AM 1779.37 0.12 0.00018 0.36086 
6/25/2019 3:49 AM 76.55 0.12 0.00001 0.01552 
6/25/2019 3:50 AM 143.14 0.12 0.00001 0.02903 
6/25/2019 3:51 AM 4799.73 0.12 0.00049 0.97339 
6/25/2019 3:52 AM 1553.27 0.12 0.00016 0.31500 


 
 
 
 
 
 
 
 
 
 







Low Pressure Flare (SN-823) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


6/23/2019 7:30 PM 2726.63 18.10 0.04165 83.40489 
6/23/2019 7:31 PM 7797.83 18.10 0.11912 238.52787 
6/23/2019 7:32 PM 6164.05 18.10 0.09416 188.55209 


6/23/2019 7:33 PM 2492.90 18.10 0.03808 76.25534 
6/23/2019 7:34 PM 3043.38 18.10 0.04649 93.09393 
6/23/2019 7:35 PM 465.33 18.10 0.00711 14.23390 
6/23/2019 7:36 PM 58.27 18.10 0.00089 1.78241 
6/23/2019 7:37 PM 114.70 18.10 0.00175 3.50864 
6/23/2019 7:38 PM 258.46 18.10 0.00395 7.90608 
6/23/2019 7:39 PM 1075.74 18.10 0.01643 32.90569 
6/23/2019 7:40 PM 1855.96 18.10 0.02835 56.77188 
6/23/2019 7:41 PM 143.66 18.10 0.00219 4.39427 
6/23/2019 7:42 PM 177.63 18.10 0.00271 5.43353 
6/23/2019 7:43 PM 3.08 18.10 0.00005 0.09436 
6/23/2019 7:44 PM 839.35 18.10 0.01282 25.67495 
6/23/2019 7:45 PM 637.36 18.10 0.00974 19.49611 
6/23/2019 7:46 PM 416.96 18.10 0.00637 12.75449 
6/23/2019 7:47 PM 913.61 18.10 0.01396 27.94647 
6/23/2019 7:48 PM 893.36 18.10 0.01365 27.32703 
6/23/2019 7:49 PM 852.53 18.10 0.01302 26.07809 
6/23/2019 7:50 PM 821.93 18.10 0.01256 25.14190 
6/23/2019 7:51 PM 863.99 18.10 0.01320 26.42854 
6/23/2019 7:52 PM 870.49 18.10 0.01330 26.62734 
6/23/2019 7:53 PM 839.30 18.10 0.01282 25.67332 
6/23/2019 7:54 PM 785.11 18.10 0.01199 24.01570 
6/23/2019 7:55 PM 764.91 18.10 0.01169 23.39789 
6/23/2019 7:56 PM 801.72 18.10 0.01225 24.52388 
6/23/2019 7:57 PM 650.89 18.10 0.00994 19.90997 
6/23/2019 7:58 PM 337.33 18.10 0.00515 10.31867 
6/23/2019 7:59 PM 145.20 18.10 0.00222 4.44151 
6/23/2019 8:00 PM 97.40 18.10 0.00149 2.97942 
6/23/2019 8:01 PM 34.81 18.10 0.00053 1.06486 
6/23/2019 8:02 PM 35.52 18.10 0.00054 1.08654 
6/23/2019 8:03 PM 0.28 18.10 0.00000 0.00843 
6/23/2019 8:04 PM 1.28 18.10 0.00002 0.03901 
6/23/2019 8:27 PM 942.00 18.10 0.01439 28.81497 
6/23/2019 8:28 PM 770.09 18.10 0.01176 23.55634 
6/23/2019 8:31 PM 277.58 6.04 0.00142 2.83345 
6/23/2019 8:32 PM 144.72 6.04 0.00074 1.47727 
6/23/2019 8:35 PM 663.47 6.04 0.00338 6.77244 







6/23/2019 8:36 PM 199.24 6.04 0.00102 2.03376 
6/23/2019 8:45 PM 20.98 6.04 0.00011 0.21411 
6/23/2019 8:46 PM 15.76 6.04 0.00008 0.16082 
6/23/2019 9:00 PM 1.93 6.04 0.00001 0.01967 
6/23/2019 9:01 PM 19.69 6.04 0.00010 0.20095 


6/23/2019 10:07 PM 21.73 9.19 0.00017 0.33750 
6/23/2019 10:17 PM 307.18 9.19 0.00238 4.77088 
6/23/2019 10:18 PM 168.90 9.19 0.00131 2.62321 
6/23/2019 10:22 PM 852.27 9.19 0.00661 13.23677 
6/23/2019 11:00 PM 317.35 9.19 0.00246 4.92876 
6/23/2019 11:01 PM 3.77 9.19 0.00003 0.05857 
6/23/2019 11:14 PM 16.32 11.47 0.00016 0.31636 
6/23/2019 11:15 PM 13.14 11.47 0.00013 0.25466 
6/23/2019 11:24 PM 108.56 11.47 0.00105 2.10443 
6/23/2019 11:25 PM 10.85 11.47 0.00011 0.21041 
6/23/2019 11:36 PM 83.87 11.47 0.00081 1.62578 
6/23/2019 11:37 PM 35.38 11.47 0.00034 0.68581 
6/23/2019 11:38 PM 18.07 11.47 0.00017 0.35020 
6/23/2019 11:39 PM 6.13 11.47 0.00006 0.11874 
6/23/2019 11:40 PM 16.65 11.47 0.00016 0.32274 
6/23/2019 11:41 PM 32.78 11.47 0.00032 0.63541 
6/23/2019 11:42 PM 54.80 11.47 0.00053 1.06219 
6/23/2019 11:43 PM 45.42 11.47 0.00044 0.88043 
6/23/2019 11:44 PM 45.46 11.47 0.00044 0.88118 
6/23/2019 11:45 PM 65.43 11.47 0.00063 1.26839 
6/23/2019 11:46 PM 37.45 11.47 0.00036 0.72601 
6/23/2019 11:47 PM 34.91 11.47 0.00034 0.67676 
6/23/2019 11:48 PM 12.37 11.47 0.00012 0.23980 
6/23/2019 11:49 PM 26.58 11.47 0.00026 0.51532 
6/23/2019 11:50 PM 18.39 11.47 0.00018 0.35643 
6/23/2019 11:51 PM 44.08 11.47 0.00043 0.85444 
6/23/2019 11:52 PM 197.33 11.47 0.00191 3.82507 
6/23/2019 11:53 PM 403.07 11.47 0.00390 7.81319 
6/23/2019 11:54 PM 153.70 11.47 0.00149 2.97933 
6/23/2019 11:55 PM 84.24 11.47 0.00082 1.63286 
6/23/2019 11:56 PM 609.77 11.47 0.00590 11.82001 
6/23/2019 11:57 PM 412.07 11.47 0.00399 7.98767 
6/23/2019 11:58 PM 11.33 11.47 0.00011 0.21955 
6/23/2019 11:59 PM 25.41 11.47 0.00025 0.49252 
6/24/2019 12:00 AM 51.15 11.47 0.00050 0.99157 
6/24/2019 12:01 AM 251.02 11.47 0.00243 4.86582 
6/24/2019 12:02 AM 559.20 11.47 0.00541 10.83979 
6/24/2019 12:03 AM 94.98 11.47 0.00092 1.84107 
6/24/2019 12:21 AM 2.87 11.30 0.00003 0.05487 
6/24/2019 12:22 AM 22.42 11.30 0.00021 0.42823 
6/24/2019 12:30 AM 14.69 11.30 0.00014 0.28055 
6/24/2019 12:31 AM 3.87 11.30 0.00004 0.07392 







6/24/2019 12:36 AM 192.50 11.30 0.00184 3.67611 
6/24/2019 12:37 AM 173.06 11.30 0.00165 3.30497 
6/24/2019 12:42 AM 1.34 11.30 0.00001 0.02563 
6/24/2019 12:43 AM 61.31 11.30 0.00058 1.17082 
6/24/2019 12:52 AM 4.26 11.30 0.00004 0.08129 
6/24/2019 1:18 AM 114.27 11.30 0.00109 2.18224 
6/24/2019 1:19 AM 838.13 11.30 0.00799 16.00585 
6/24/2019 1:20 AM 9.88 11.30 0.00009 0.18861 
6/24/2019 1:29 AM 9.29 13.52 0.00011 0.21221 
6/24/2019 1:30 AM 12.53 13.52 0.00014 0.28635 
6/24/2019 1:34 AM 15.80 13.52 0.00018 0.36095 
6/24/2019 1:35 AM 16.36 13.52 0.00019 0.37373 
6/24/2019 1:44 AM 26.64 13.52 0.00030 0.60860 
6/24/2019 1:45 AM 9.48 13.52 0.00011 0.21670 
6/24/2019 1:57 AM 22.53 13.52 0.00026 0.51472 
6/24/2019 1:58 AM 153.02 13.52 0.00175 3.49639 
6/24/2019 2:03 AM 74.37 13.52 0.00085 1.69917 
6/24/2019 2:04 AM 12.17 13.52 0.00014 0.27811 
6/24/2019 2:11 AM 7.70 13.52 0.00009 0.17588 
6/24/2019 2:12 AM 9.21 13.52 0.00011 0.21044 
6/24/2019 2:13 AM 4.00 13.52 0.00005 0.09137 
6/24/2019 2:17 AM 54.66 13.52 0.00062 1.24881 
6/24/2019 2:18 AM 0.51 13.52 0.00001 0.01175 
6/24/2019 2:19 AM 3.97 13.52 0.00005 0.09071 
6/24/2019 2:20 AM 0.35 13.52 0.00000 0.00807 
6/24/2019 2:21 AM 1.73 13.52 0.00002 0.03949 
6/24/2019 2:22 AM 15.12 13.52 0.00017 0.34545 
6/24/2019 2:23 AM 0.77 13.52 0.00001 0.01755 
6/24/2019 2:24 AM 35.36 13.52 0.00040 0.80791 
6/24/2019 2:25 AM 1.77 13.52 0.00002 0.04045 
6/24/2019 2:26 AM 46.68 13.52 0.00053 1.06661 
6/24/2019 2:27 AM 0.62 13.52 0.00001 0.01409 


6/24/2019 2:48 PM 41.30 1.62 0.00006 0.11308 
6/24/2019 2:49 PM 658.32 1.62 0.00090 1.80235 
6/24/2019 2:50 PM 460.23 1.62 0.00063 1.26002 


6/24/2019 2:51 PM 54.78 1.62 0.00007 0.14998 
6/24/2019 2:52 PM 11.21 1.62 0.00002 0.03069 
6/24/2019 5:53 PM 264.99 1.41 0.00032 0.63144 
6/24/2019 5:54 PM 779.41 1.41 0.00093 1.85725 
6/24/2019 5:55 PM 893.95 1.41 0.00106 2.13019 
6/24/2019 5:56 PM 949.61 1.41 0.00113 2.26282 
6/24/2019 5:57 PM 831.11 1.41 0.00099 1.98045 
6/24/2019 5:58 PM 872.18 1.41 0.00104 2.07833 
6/24/2019 5:59 PM 890.98 1.41 0.00106 2.12312 
6/24/2019 6:00 PM 520.16 1.41 0.00062 1.23948 
6/24/2019 6:01 PM 488.09 1.41 0.00058 1.16307 
6/24/2019 6:02 PM 476.00 1.41 0.00057 1.13427 







6/24/2019 6:03 PM 149.58 1.41 0.00018 0.35644 
6/24/2019 6:04 PM 144.41 1.41 0.00017 0.34411 
6/24/2019 6:05 PM 563.80 1.41 0.00067 1.34347 
6/24/2019 6:06 PM 817.66 1.41 0.00097 1.94840 
6/24/2019 6:07 PM 1001.58 1.41 0.00119 2.38667 
6/24/2019 6:08 PM 1011.51 1.41 0.00120 2.41033 
6/24/2019 6:09 PM 938.05 1.41 0.00112 2.23527 
6/24/2019 6:10 PM 948.24 1.41 0.00113 2.25955 
6/24/2019 6:11 PM 917.75 1.41 0.00109 2.18690 
6/24/2019 6:12 PM 816.04 1.41 0.00097 1.94453 
6/24/2019 6:13 PM 579.14 1.41 0.00069 1.38002 
6/24/2019 6:14 PM 617.60 1.41 0.00073 1.47168 
6/24/2019 6:15 PM 368.63 1.41 0.00044 0.87841 
6/24/2019 6:16 PM 113.13 1.41 0.00013 0.26959 
6/24/2019 6:17 PM 197.54 1.41 0.00024 0.47071 
6/24/2019 6:18 PM 157.27 1.41 0.00019 0.37475 
6/24/2019 6:19 PM 25.29 1.41 0.00003 0.06026 
6/24/2019 6:20 PM 19.28 1.41 0.00002 0.04594 
6/24/2019 6:21 PM 17.40 1.41 0.00002 0.04146 
6/24/2019 6:22 PM 0.12 1.41 0.00000 0.00029 


6/25/2019 3:45 AM 54.02 7.23 0.00033 0.66009 
6/25/2019 3:46 AM 217.14 7.23 0.00133 2.65320 
6/25/2019 3:47 AM 212.29 7.23 0.00130 2.59394 


6/25/2019 3:48 AM 229.64 7.23 0.00140 2.80585 
6/25/2019 3:49 AM 355.86 7.23 0.00217 4.34810 
6/25/2019 3:50 AM 117.76 7.23 0.00072 1.43893 
6/25/2019 3:51 AM 115.31 7.23 0.00070 1.40898 
6/25/2019 3:52 AM 132.74 7.23 0.00081 1.62189 
6/25/2019 3:53 AM 98.44 7.23 0.00060 1.20276 
6/25/2019 3:54 AM 0.17 7.23 0.00000 0.00204 
6/25/2019 4:00 AM 14.22 7.23 0.00009 0.17375 
6/25/2019 4:01 AM 128.67 7.23 0.00079 1.57222 
6/25/2019 4:02 AM 89.77 7.23 0.00055 1.09684 
6/25/2019 4:03 AM 84.20 7.23 0.00051 1.02887 
6/25/2019 4:04 AM 232.59 7.23 0.00142 2.84197 
6/25/2019 4:05 AM 214.08 7.23 0.00131 2.61583 
6/25/2019 4:06 AM 63.12 7.23 0.00039 0.77120 
6/25/2019 4:07 AM 47.63 7.23 0.00029 0.58196 
6/25/2019 4:08 AM 58.56 7.23 0.00036 0.71555 
6/25/2019 4:09 AM 4.75 7.23 0.00003 0.05803 
6/25/2019 4:11 AM 30.76 7.23 0.00019 0.37589 
6/25/2019 4:12 AM 36.66 7.23 0.00022 0.44794 
6/25/2019 4:13 AM 29.30 7.23 0.00018 0.35799 
6/25/2019 4:14 AM 34.54 7.23 0.00021 0.42203 
6/25/2019 4:15 AM 55.55 7.23 0.00034 0.67869 
6/25/2019 4:16 AM 30.48 7.23 0.00019 0.37240 
6/25/2019 4:17 AM 17.74 7.23 0.00011 0.21672 







6/25/2019 4:18 AM 90.57 7.23 0.00055 1.10667 
6/25/2019 4:19 AM 70.20 7.23 0.00043 0.85777 
6/25/2019 4:20 AM 4.06 7.23 0.00002 0.04963 
6/25/2019 4:21 AM 43.53 7.23 0.00027 0.53188 
6/25/2019 4:22 AM 53.66 7.23 0.00033 0.65560 
6/25/2019 4:23 AM 47.71 7.23 0.00029 0.58292 
6/25/2019 4:24 AM 43.08 7.23 0.00026 0.52644 
6/25/2019 4:25 AM 53.74 7.23 0.00033 0.65668 
6/25/2019 4:26 AM 48.03 7.23 0.00029 0.58684 
6/25/2019 4:27 AM 9.69 7.23 0.00006 0.11842 
6/25/2019 4:28 AM 28.00 7.23 0.00017 0.34210 
6/25/2019 4:29 AM 19.39 7.23 0.00012 0.23693 
6/25/2019 4:30 AM 28.52 7.23 0.00017 0.34851 
6/25/2019 4:31 AM 77.56 7.23 0.00047 0.94765 
6/25/2019 4:32 AM 75.33 7.23 0.00046 0.92045 
6/25/2019 4:33 AM 86.58 7.23 0.00053 1.05786 
6/25/2019 4:34 AM 1.73 7.23 0.00001 0.02114 
6/25/2019 4:39 AM 28.58 7.23 0.00017 0.34916 
6/25/2019 4:40 AM 18.01 7.23 0.00011 0.22009 
6/25/2019 4:41 AM 19.65 7.23 0.00012 0.24009 
6/25/2019 4:42 AM 40.54 7.23 0.00025 0.49532 
6/25/2019 4:43 AM 29.93 7.23 0.00018 0.36569 
6/25/2019 4:44 AM 18.81 7.23 0.00011 0.22981 
6/25/2019 4:45 AM 21.64 2.97 0.00005 0.10862 
6/25/2019 4:46 AM 52.41 2.97 0.00013 0.26308 
6/25/2019 4:47 AM 48.16 2.97 0.00012 0.24175 
6/25/2019 4:48 AM 10.21 2.97 0.00003 0.05123 
6/25/2019 4:49 AM 18.06 2.97 0.00005 0.09066 
6/25/2019 4:50 AM 28.45 2.97 0.00007 0.14279 
6/25/2019 4:51 AM 22.38 2.97 0.00006 0.11235 
6/25/2019 4:52 AM 11.34 2.97 0.00003 0.05694 
6/25/2019 4:53 AM 9.34 2.97 0.00002 0.04688 
6/25/2019 5:08 AM 2.07 2.97 0.00001 0.01040 
6/25/2019 5:09 AM 2.07 2.97 0.00001 0.01039 
6/25/2019 5:11 AM 4.14 2.97 0.00001 0.02077 
6/25/2019 5:15 AM 5.78 2.97 0.00001 0.02901 
6/25/2019 5:16 AM 0.17 2.97 0.00000 0.00085 
6/25/2019 5:22 AM 1.23 2.97 0.00000 0.00619 
6/25/2019 5:23 AM 21.05 2.97 0.00005 0.10566 
6/25/2019 5:24 AM 4.39 2.97 0.00001 0.02205 
6/25/2019 5:25 AM 14.34 2.97 0.00004 0.07198 
6/25/2019 5:37 AM 16.74 2.97 0.00004 0.08404 
6/25/2019 5:38 AM 20.24 2.97 0.00005 0.10157 
6/25/2019 5:40 AM 10.02 2.97 0.00003 0.05029 
6/25/2019 5:41 AM 3.03 2.97 0.00001 0.01522 
6/25/2019 5:42 AM 1.70 2.97 0.00000 0.00853 
6/25/2019 5:48 AM 9.40 3.20 0.00003 0.05085 







6/25/2019 5:54 AM 0.37 3.20 0.00000 0.00198 
6/25/2019 5:55 AM 24.16 3.20 0.00007 0.13065 
6/25/2019 5:56 AM 9.83 3.20 0.00003 0.05318 
6/25/2019 5:57 AM 10.55 3.20 0.00003 0.05708 
6/25/2019 5:58 AM 6.53 3.20 0.00002 0.03530 
6/25/2019 5:59 AM 31.27 3.20 0.00008 0.16913 
6/25/2019 6:00 AM 31.71 3.20 0.00009 0.17148 
6/25/2019 6:01 AM 36.91 3.20 0.00010 0.19963 
6/25/2019 6:02 AM 58.66 3.20 0.00016 0.31726 
6/25/2019 6:03 AM 4.55 3.20 0.00001 0.02462 
6/25/2019 6:09 AM 5.72 3.20 0.00002 0.03093 
6/25/2019 6:10 AM 10.07 3.20 0.00003 0.05444 
6/25/2019 6:12 AM 14.68 3.20 0.00004 0.07940 
6/25/2019 6:13 AM 91.69 3.20 0.00025 0.49584 
6/25/2019 6:14 AM 38.07 3.20 0.00010 0.20589 
6/25/2019 6:15 AM 10.77 3.20 0.00003 0.05822 
6/25/2019 6:16 AM 5.20 3.20 0.00001 0.02812 
6/25/2019 6:17 AM 16.18 3.20 0.00004 0.08751 
6/25/2019 6:18 AM 9.03 3.20 0.00002 0.04884 
6/25/2019 6:19 AM 19.73 3.20 0.00005 0.10670 
6/25/2019 6:20 AM 5.51 3.20 0.00001 0.02978 
6/25/2019 6:21 AM 0.17 3.20 0.00000 0.00091 
6/25/2019 6:26 AM 6.12 3.20 0.00002 0.03309 
6/25/2019 6:27 AM 62.45 3.20 0.00017 0.33773 
6/25/2019 6:28 AM 62.33 3.20 0.00017 0.33706 
6/25/2019 6:29 AM 2.33 3.20 0.00001 0.01262 
6/25/2019 6:36 AM 27.66 3.20 0.00007 0.14958 
6/25/2019 6:37 AM 8.17 3.20 0.00002 0.04420 
6/25/2019 6:38 AM 21.06 3.20 0.00006 0.11391 
6/25/2019 6:39 AM 16.42 3.20 0.00004 0.08880 
6/25/2019 6:40 AM 26.14 3.20 0.00007 0.14134 
6/25/2019 6:41 AM 41.04 3.20 0.00011 0.22194 
6/25/2019 6:42 AM 53.16 3.20 0.00014 0.28749 
6/25/2019 6:43 AM 25.41 3.20 0.00007 0.13742 
6/25/2019 6:44 AM 5.73 3.20 0.00002 0.03098 
6/25/2019 6:50 AM 19.94 0.55 0.00001 0.01853 
6/25/2019 6:51 AM 0.15 0.55 0.00000 0.00014 
6/25/2019 6:52 AM 2.06 0.55 0.00000 0.00192 
6/25/2019 6:59 AM 6.47 0.55 0.00000 0.00602 
6/25/2019 7:00 AM 13.66 0.55 0.00001 0.01270 
6/25/2019 7:01 AM 27.16 0.55 0.00001 0.02524 
6/25/2019 7:02 AM 28.40 0.55 0.00001 0.02640 
6/25/2019 7:03 AM 4.42 0.55 0.00000 0.00411 
6/25/2019 7:09 AM 5.77 0.55 0.00000 0.00536 
6/25/2019 7:10 AM 33.23 0.55 0.00002 0.03089 
6/25/2019 7:17 AM 13.70 0.55 0.00001 0.01273 
6/25/2019 7:18 AM 0.29 0.55 0.00000 0.00027 







6/25/2019 7:23 AM 5.11 0.55 0.00000 0.00475 
6/25/2019 7:24 AM 42.42 0.55 0.00002 0.03943 
6/25/2019 7:25 AM 26.00 0.55 0.00001 0.02417 
6/25/2019 7:26 AM 0.34 0.55 0.00000 0.00032 
6/25/2019 7:27 AM 0.41 0.55 0.00000 0.00038 
6/25/2019 7:28 AM 46.36 0.55 0.00002 0.04309 
6/25/2019 7:29 AM 22.69 0.55 0.00001 0.02109 
6/25/2019 7:30 AM 32.71 0.55 0.00002 0.03040 
6/25/2019 7:31 AM 15.55 0.55 0.00001 0.01445 
6/25/2019 7:37 AM 0.19 0.55 0.00000 0.00018 
6/25/2019 7:38 AM 16.52 0.55 0.00001 0.01535 
6/25/2019 7:39 AM 58.36 0.55 0.00003 0.05425 
6/25/2019 7:40 AM 13.55 0.55 0.00001 0.01259 
6/25/2019 7:41 AM 8.34 0.55 0.00000 0.00775 
6/25/2019 7:43 AM 7.66 0.55 0.00000 0.00712 
6/25/2019 7:44 AM 14.10 0.55 0.00001 0.01310 
6/25/2019 7:50 AM 25.87 3.85 0.00008 0.16834 
6/25/2019 7:51 AM 52.65 3.85 0.00017 0.34255 
6/25/2019 7:52 AM 42.12 3.85 0.00014 0.27404 
6/25/2019 7:53 AM 30.10 3.85 0.00010 0.19582 
6/25/2019 7:54 AM 21.06 3.85 0.00007 0.13703 
6/25/2019 7:55 AM 12.12 3.85 0.00004 0.07885 
6/25/2019 7:56 AM 3.97 3.85 0.00001 0.02584 
6/25/2019 7:57 AM 21.83 3.85 0.00007 0.14205 
6/25/2019 7:58 AM 20.96 3.85 0.00007 0.13636 
6/25/2019 7:59 AM 24.33 3.85 0.00008 0.15828 
6/25/2019 8:00 AM 45.67 3.85 0.00015 0.29716 
6/25/2019 8:01 AM 41.48 3.85 0.00013 0.26986 
6/25/2019 8:02 AM 28.14 3.85 0.00009 0.18310 
6/25/2019 8:03 AM 50.48 3.85 0.00016 0.32842 
6/25/2019 8:04 AM 100.90 3.85 0.00033 0.65649 
6/25/2019 8:05 AM 49.71 3.85 0.00016 0.32346 
6/25/2019 8:06 AM 73.78 3.85 0.00024 0.48007 
6/25/2019 8:07 AM 76.33 3.85 0.00025 0.49661 
6/25/2019 8:08 AM 119.14 3.85 0.00039 0.77515 
6/25/2019 8:09 AM 112.77 3.85 0.00037 0.73371 
6/25/2019 8:10 AM 114.21 3.85 0.00037 0.74313 
6/25/2019 8:11 AM 120.31 3.85 0.00039 0.78279 
6/25/2019 8:12 AM 229.29 3.85 0.00075 1.49185 
6/25/2019 8:13 AM 259.06 3.85 0.00084 1.68557 
6/25/2019 8:14 AM 207.53 3.85 0.00067 1.35030 
6/25/2019 8:15 AM 120.78 3.85 0.00039 0.78586 
6/25/2019 8:16 AM 104.08 3.85 0.00034 0.67723 
6/25/2019 8:17 AM 172.77 3.85 0.00056 1.12416 
6/25/2019 8:18 AM 267.86 3.85 0.00087 1.74283 
6/25/2019 8:19 AM 313.49 3.85 0.00102 2.03970 
6/25/2019 8:20 AM 213.68 3.85 0.00069 1.39032 







6/25/2019 8:21 AM 88.69 3.85 0.00029 0.57708 
6/25/2019 8:22 AM 46.38 3.85 0.00015 0.30176 
6/25/2019 8:23 AM 63.68 3.85 0.00021 0.41433 
6/25/2019 8:24 AM 143.70 3.85 0.00047 0.93497 
6/25/2019 8:25 AM 210.33 3.85 0.00068 1.36849 
6/25/2019 8:26 AM 194.41 3.85 0.00063 1.26491 
6/25/2019 8:27 AM 82.21 3.85 0.00027 0.53493 
6/25/2019 8:28 AM 62.09 3.85 0.00020 0.40400 
6/25/2019 8:29 AM 53.93 3.85 0.00018 0.35089 
6/25/2019 8:30 AM 118.64 3.85 0.00039 0.77195 
6/25/2019 8:31 AM 72.16 3.85 0.00023 0.46950 
6/25/2019 8:32 AM 69.05 3.85 0.00022 0.44929 
6/25/2019 8:33 AM 102.94 3.85 0.00033 0.66980 
6/25/2019 8:34 AM 101.16 3.85 0.00033 0.65820 
6/25/2019 8:35 AM 103.37 3.85 0.00034 0.67255 
6/25/2019 8:36 AM 65.27 3.85 0.00021 0.42465 
6/25/2019 8:37 AM 59.28 3.85 0.00019 0.38569 
6/25/2019 8:38 AM 37.23 3.85 0.00012 0.24226 
6/25/2019 8:39 AM 25.39 3.85 0.00008 0.16521 
6/25/2019 8:40 AM 24.58 3.85 0.00008 0.15992 
6/25/2019 8:46 AM 68.20 3.85 0.00022 0.44374 
6/25/2019 8:47 AM 121.65 3.85 0.00040 0.79149 
6/25/2019 8:48 AM 98.40 3.85 0.00032 0.64027 
6/25/2019 8:49 AM 76.78 3.85 0.00025 0.49955 
6/25/2019 8:50 AM 203.53 1.65 0.00028 0.56756 
6/25/2019 8:51 AM 222.05 1.65 0.00031 0.61918 
6/25/2019 8:52 AM 277.02 1.65 0.00039 0.77248 
6/25/2019 8:53 AM 197.06 1.65 0.00027 0.54951 
6/25/2019 8:54 AM 268.01 1.65 0.00037 0.74735 
6/25/2019 8:55 AM 328.04 1.65 0.00046 0.91473 
6/25/2019 8:56 AM 664.85 1.65 0.00093 1.85393 
6/25/2019 8:57 AM 750.31 1.65 0.00104 2.09223 
6/25/2019 8:58 AM 226.78 1.65 0.00032 0.63239 
6/25/2019 8:59 AM 23.65 1.65 0.00003 0.06593 
6/25/2019 9:00 AM 6.22 1.65 0.00001 0.01735 
6/25/2019 9:01 AM 9.27 1.65 0.00001 0.02584 
6/25/2019 9:02 AM 204.41 1.65 0.00028 0.57000 
6/25/2019 9:03 AM 304.59 1.65 0.00042 0.84934 
6/25/2019 9:04 AM 238.97 1.65 0.00033 0.66638 
6/25/2019 9:05 AM 51.66 1.65 0.00007 0.14407 
6/25/2019 9:06 AM 11.45 1.65 0.00002 0.03193 
6/25/2019 9:07 AM 8.49 1.65 0.00001 0.02368 
6/25/2019 9:08 AM 79.77 1.65 0.00011 0.22243 
6/25/2019 9:09 AM 211.01 1.65 0.00029 0.58839 
6/25/2019 9:10 AM 196.17 1.65 0.00027 0.54701 
6/25/2019 9:11 AM 243.25 1.65 0.00034 0.67829 
6/25/2019 9:12 AM 55.58 1.65 0.00008 0.15498 







6/25/2019 9:13 AM 21.82 1.65 0.00003 0.06083 
6/25/2019 9:14 AM 171.73 1.65 0.00024 0.47886 
6/25/2019 9:15 AM 182.85 1.65 0.00025 0.50987 
6/25/2019 9:16 AM 115.76 1.65 0.00016 0.32281 
6/25/2019 9:17 AM 125.58 1.65 0.00017 0.35018 
6/25/2019 9:18 AM 215.49 1.65 0.00030 0.60091 
6/25/2019 9:19 AM 159.40 1.65 0.00022 0.44449 
6/25/2019 9:20 AM 51.23 1.65 0.00007 0.14286 
6/25/2019 9:21 AM 14.15 1.65 0.00002 0.03944 
6/25/2019 9:22 AM 33.84 1.65 0.00005 0.09437 
6/25/2019 9:23 AM 112.72 1.65 0.00016 0.31433 
6/25/2019 9:24 AM 80.78 1.65 0.00011 0.22524 
6/25/2019 9:25 AM 148.80 1.65 0.00021 0.41494 
6/25/2019 9:26 AM 130.60 1.65 0.00018 0.36419 
6/25/2019 9:27 AM 67.73 1.65 0.00009 0.18888 
6/25/2019 9:28 AM 80.74 1.65 0.00011 0.22514 
6/25/2019 9:29 AM 97.79 1.65 0.00014 0.27269 
6/25/2019 9:30 AM 205.95 1.65 0.00029 0.57428 
6/25/2019 9:31 AM 110.42 1.65 0.00015 0.30789 
6/25/2019 9:32 AM 52.03 1.65 0.00007 0.14507 
6/25/2019 9:33 AM 80.08 1.65 0.00011 0.22331 
6/25/2019 9:34 AM 106.20 1.65 0.00015 0.29614 
6/25/2019 9:35 AM 275.15 1.65 0.00038 0.76727 
6/25/2019 9:36 AM 312.82 1.65 0.00044 0.87231 
6/25/2019 9:37 AM 149.07 1.65 0.00021 0.41568 
6/25/2019 9:38 AM 97.36 1.65 0.00014 0.27149 
6/25/2019 9:39 AM 166.23 1.65 0.00023 0.46352 
6/25/2019 9:40 AM 234.60 1.65 0.00033 0.65418 
6/25/2019 9:41 AM 315.14 1.65 0.00044 0.87877 
6/25/2019 9:42 AM 299.42 1.65 0.00042 0.83494 
6/25/2019 9:43 AM 258.08 1.65 0.00036 0.71965 
6/25/2019 9:44 AM 159.75 1.65 0.00022 0.44546 
6/25/2019 9:45 AM 198.87 1.65 0.00028 0.55456 
6/25/2019 9:46 AM 245.90 1.65 0.00034 0.68568 
6/25/2019 9:47 AM 105.28 1.65 0.00015 0.29358 
6/25/2019 9:48 AM 74.76 1.65 0.00010 0.20848 
6/25/2019 9:49 AM 155.90 1.65 0.00022 0.43472 
6/25/2019 9:50 AM 307.97 1.65 0.00043 0.85878 
6/25/2019 9:51 AM 529.93 3.17 0.00142 2.83897 
6/25/2019 9:52 AM 508.24 3.17 0.00136 2.72280 
6/25/2019 9:53 AM 280.87 3.17 0.00075 1.50472 
6/25/2019 9:54 AM 35.90 3.17 0.00010 0.19235 
6/25/2019 9:55 AM 17.65 3.17 0.00005 0.09454 
6/25/2019 9:56 AM 144.87 3.17 0.00039 0.77612 
6/25/2019 9:57 AM 554.66 3.17 0.00148 2.97149 
6/25/2019 9:58 AM 527.12 3.17 0.00141 2.82393 
6/25/2019 9:59 AM 436.20 3.17 0.00117 2.33684 







6/25/2019 10:00 AM 239.25 3.17 0.00064 1.28171 
6/25/2019 10:01 AM 190.43 3.17 0.00051 1.02020 
6/25/2019 10:02 AM 60.60 3.17 0.00016 0.32467 
6/25/2019 10:03 AM 52.04 3.17 0.00014 0.27880 
6/25/2019 10:04 AM 151.56 3.17 0.00041 0.81195 
6/25/2019 10:05 AM 313.02 3.17 0.00084 1.67695 
6/25/2019 10:06 AM 389.85 3.17 0.00104 2.08852 
6/25/2019 10:07 AM 609.99 3.17 0.00163 3.26792 
6/25/2019 10:08 AM 640.84 3.17 0.00171 3.43316 
6/25/2019 10:09 AM 183.25 3.17 0.00049 0.98172 
6/25/2019 10:10 AM 11.62 3.17 0.00003 0.06224 
6/25/2019 10:11 AM 74.73 3.17 0.00020 0.40033 
6/25/2019 10:12 AM 237.59 3.17 0.00064 1.27286 
6/25/2019 10:13 AM 287.03 3.17 0.00077 1.53771 
6/25/2019 10:14 AM 498.11 3.17 0.00133 2.66852 
6/25/2019 10:15 AM 210.52 3.17 0.00056 1.12784 
6/25/2019 10:16 AM 20.70 3.17 0.00006 0.11088 
6/25/2019 10:17 AM 32.55 3.17 0.00009 0.17436 
6/25/2019 10:18 AM 69.09 3.17 0.00018 0.37011 
6/25/2019 10:19 AM 218.20 3.17 0.00058 1.16899 
6/25/2019 10:20 AM 450.93 3.17 0.00121 2.41578 
6/25/2019 10:21 AM 59.71 3.17 0.00016 0.31989 
6/25/2019 10:22 AM 0.56 3.17 0.00000 0.00300 
6/25/2019 10:23 AM 88.60 3.17 0.00024 0.47467 
6/25/2019 10:24 AM 529.63 3.17 0.00142 2.83740 
6/25/2019 10:25 AM 442.36 3.17 0.00118 2.36984 
6/25/2019 10:26 AM 313.30 3.17 0.00084 1.67847 
6/25/2019 10:27 AM 113.14 3.17 0.00030 0.60614 
6/25/2019 10:28 AM 5.71 3.17 0.00002 0.03061 
6/25/2019 10:29 AM 7.38 3.17 0.00002 0.03955 
6/25/2019 10:30 AM 53.59 3.17 0.00014 0.28708 
6/25/2019 10:31 AM 164.59 3.17 0.00044 0.88173 
6/25/2019 10:32 AM 193.37 3.17 0.00052 1.03592 
6/25/2019 10:33 AM 80.74 3.17 0.00022 0.43254 
6/25/2019 10:34 AM 41.41 3.17 0.00011 0.22187 
6/25/2019 10:35 AM 56.45 3.17 0.00015 0.30241 
6/25/2019 10:36 AM 180.17 3.17 0.00048 0.96524 
6/25/2019 10:37 AM 234.36 3.17 0.00063 1.25554 
6/25/2019 10:38 AM 197.92 3.17 0.00053 1.06033 
6/25/2019 10:39 AM 135.58 3.17 0.00036 0.72636 
6/25/2019 10:40 AM 62.53 3.17 0.00017 0.33499 
6/25/2019 10:41 AM 93.55 3.17 0.00025 0.50115 
6/25/2019 10:42 AM 89.78 3.17 0.00024 0.48100 
6/25/2019 10:43 AM 91.10 3.17 0.00024 0.48802 
6/25/2019 10:44 AM 101.54 3.17 0.00027 0.54396 
6/25/2019 10:45 AM 101.19 3.17 0.00027 0.54210 
6/25/2019 10:46 AM 152.42 3.17 0.00041 0.81658 







6/25/2019 10:47 AM 109.60 3.17 0.00029 0.58716 
6/25/2019 10:48 AM 130.54 3.17 0.00035 0.69937 
6/25/2019 10:49 AM 244.44 3.17 0.00065 1.30954 
6/25/2019 10:50 AM 176.73 3.17 0.00047 0.94680 
6/25/2019 10:51 AM 191.43 0.02 0.00000 0.00647 
6/25/2019 10:52 AM 161.67 0.02 0.00000 0.00546 
6/25/2019 10:53 AM 70.26 0.02 0.00000 0.00237 
6/25/2019 10:54 AM 18.41 0.02 0.00000 0.00062 
6/25/2019 10:55 AM 21.78 0.02 0.00000 0.00074 
6/25/2019 10:56 AM 44.37 0.02 0.00000 0.00150 
6/25/2019 10:57 AM 147.16 0.02 0.00000 0.00497 
6/25/2019 10:58 AM 100.26 0.02 0.00000 0.00339 
6/25/2019 10:59 AM 35.73 0.02 0.00000 0.00121 
6/25/2019 11:00 AM 26.17 0.02 0.00000 0.00088 
6/25/2019 11:01 AM 43.15 0.02 0.00000 0.00146 
6/25/2019 11:02 AM 67.70 0.02 0.00000 0.00229 
6/25/2019 11:03 AM 70.34 0.02 0.00000 0.00238 
6/25/2019 11:04 AM 54.38 0.02 0.00000 0.00184 
6/25/2019 11:05 AM 77.50 0.02 0.00000 0.00262 
6/25/2019 11:06 AM 130.32 0.02 0.00000 0.00440 
6/25/2019 11:07 AM 106.43 0.02 0.00000 0.00360 
6/25/2019 11:08 AM 95.79 0.02 0.00000 0.00324 
6/25/2019 11:09 AM 70.25 0.02 0.00000 0.00237 
6/25/2019 11:10 AM 135.81 0.02 0.00000 0.00459 
6/25/2019 11:11 AM 111.38 0.02 0.00000 0.00376 
6/25/2019 11:12 AM 55.26 0.02 0.00000 0.00187 
6/25/2019 11:13 AM 56.64 0.02 0.00000 0.00191 
6/25/2019 11:14 AM 197.84 0.02 0.00000 0.00669 
6/25/2019 11:15 AM 221.64 0.02 0.00000 0.00749 
6/25/2019 11:16 AM 162.78 0.02 0.00000 0.00550 
6/25/2019 11:17 AM 90.30 0.02 0.00000 0.00305 
6/25/2019 11:18 AM 203.40 0.02 0.00000 0.00687 
6/25/2019 11:19 AM 231.30 0.02 0.00000 0.00782 
6/25/2019 11:20 AM 189.17 0.02 0.00000 0.00639 
6/25/2019 11:21 AM 159.08 0.02 0.00000 0.00538 
6/25/2019 11:22 AM 148.62 0.02 0.00000 0.00502 
6/25/2019 11:23 AM 227.06 0.02 0.00000 0.00767 
6/25/2019 11:24 AM 245.42 0.02 0.00000 0.00830 
6/25/2019 11:25 AM 259.46 0.02 0.00000 0.00877 
6/25/2019 11:26 AM 255.03 0.02 0.00000 0.00862 
6/25/2019 11:27 AM 227.34 0.02 0.00000 0.00768 
6/25/2019 11:28 AM 338.34 0.02 0.00001 0.01144 
6/25/2019 11:29 AM 376.85 0.02 0.00001 0.01274 
6/25/2019 11:30 AM 463.23 0.02 0.00001 0.01566 
6/25/2019 11:31 AM 298.03 0.02 0.00001 0.01007 
6/25/2019 11:32 AM 331.50 0.02 0.00001 0.01120 
6/25/2019 11:33 AM 519.31 0.02 0.00001 0.01755 







6/25/2019 11:34 AM 528.19 0.02 0.00001 0.01785 
6/25/2019 11:35 AM 617.89 0.02 0.00001 0.02088 
6/25/2019 11:36 AM 722.63 0.02 0.00001 0.02442 
6/25/2019 11:37 AM 878.36 0.02 0.00001 0.02969 
6/25/2019 11:38 AM 789.47 0.02 0.00001 0.02668 
6/25/2019 11:39 AM 602.66 0.02 0.00001 0.02037 
6/25/2019 11:40 AM 610.14 0.02 0.00001 0.02062 
6/25/2019 11:41 AM 759.41 0.02 0.00001 0.02567 
6/25/2019 11:42 AM 877.68 0.02 0.00001 0.02967 
6/25/2019 11:43 AM 852.27 0.02 0.00001 0.02881 
6/25/2019 11:44 AM 720.93 0.02 0.00001 0.02437 
6/25/2019 11:45 AM 718.91 0.02 0.00001 0.02430 
6/25/2019 11:46 AM 751.82 0.02 0.00001 0.02541 
6/25/2019 11:47 AM 912.87 0.02 0.00002 0.03085 
6/25/2019 11:48 AM 889.67 0.02 0.00002 0.03007 
6/25/2019 11:49 AM 868.28 0.02 0.00001 0.02935 
6/25/2019 11:50 AM 831.21 4.89 0.00343 6.86919 
6/25/2019 11:51 AM 835.22 4.89 0.00345 6.90232 
6/25/2019 11:52 AM 845.87 4.89 0.00349 6.99033 
6/25/2019 11:53 AM 812.79 4.89 0.00335 6.71697 
6/25/2019 11:54 AM 850.01 4.89 0.00351 7.02457 
6/25/2019 11:55 AM 933.85 4.89 0.00385 7.71741 
6/25/2019 11:56 AM 840.81 4.89 0.00347 6.94854 
6/25/2019 11:57 AM 896.97 4.89 0.00370 7.41268 
6/25/2019 11:58 AM 912.52 4.89 0.00377 7.54115 
6/25/2019 11:59 AM 824.54 4.89 0.00340 6.81412 
6/25/2019 12:00 PM 845.34 4.89 0.00349 6.98594 
6/25/2019 12:01 PM 885.14 4.89 0.00365 7.31490 
6/25/2019 12:02 PM 958.19 4.89 0.00395 7.91862 
6/25/2019 12:03 PM 952.59 4.89 0.00393 7.87226 
6/25/2019 12:04 PM 1023.43 4.89 0.00422 8.45769 
6/25/2019 12:05 PM 973.08 4.89 0.00402 8.04159 
6/25/2019 12:06 PM 994.22 4.89 0.00410 8.21632 
6/25/2019 12:07 PM 475.37 4.89 0.00196 3.92847 
6/25/2019 12:08 PM 123.36 4.89 0.00051 1.01947 
6/25/2019 12:09 PM 111.05 4.89 0.00046 0.91777 
6/25/2019 12:10 PM 81.52 4.89 0.00034 0.67367 
6/25/2019 12:11 PM 115.72 4.89 0.00048 0.95635 
6/25/2019 12:12 PM 99.78 4.89 0.00041 0.82460 
6/25/2019 12:13 PM 136.36 4.89 0.00056 1.12691 
6/25/2019 12:14 PM 85.63 4.89 0.00035 0.70766 
6/25/2019 12:15 PM 109.51 4.89 0.00045 0.90497 
6/25/2019 12:16 PM 83.57 4.89 0.00034 0.69065 
6/25/2019 12:17 PM 130.30 4.89 0.00054 1.07684 
6/25/2019 12:18 PM 122.64 4.89 0.00051 1.01351 
6/25/2019 12:19 PM 110.89 4.89 0.00046 0.91637 
6/25/2019 12:20 PM 103.66 4.89 0.00043 0.85668 







6/25/2019 12:21 PM 106.88 4.89 0.00044 0.88327 
6/25/2019 12:22 PM 136.94 4.89 0.00057 1.13168 
6/25/2019 12:23 PM 179.43 4.89 0.00074 1.48280 
6/25/2019 12:24 PM 140.80 4.89 0.00058 1.16358 
6/25/2019 12:25 PM 123.50 4.89 0.00051 1.02065 
6/25/2019 12:26 PM 151.10 4.89 0.00062 1.24872 
6/25/2019 12:27 PM 116.22 4.89 0.00048 0.96042 
6/25/2019 12:28 PM 138.59 4.89 0.00057 1.14530 
6/25/2019 12:29 PM 105.61 4.89 0.00044 0.87278 
6/25/2019 12:30 PM 133.22 4.89 0.00055 1.10097 
6/25/2019 12:31 PM 154.64 4.89 0.00064 1.27797 
6/25/2019 12:32 PM 125.34 4.89 0.00052 1.03580 
6/25/2019 12:33 PM 104.47 4.89 0.00043 0.86339 
6/25/2019 12:34 PM 145.79 4.89 0.00060 1.20480 
6/25/2019 12:35 PM 156.98 4.89 0.00065 1.29732 
6/25/2019 12:36 PM 134.08 4.89 0.00055 1.10801 
6/25/2019 12:37 PM 154.01 4.89 0.00064 1.27273 
6/25/2019 12:38 PM 194.33 4.89 0.00080 1.60597 
6/25/2019 12:39 PM 170.19 4.89 0.00070 1.40647 
6/25/2019 12:40 PM 159.68 4.89 0.00066 1.31965 
6/25/2019 12:41 PM 172.06 4.89 0.00071 1.42193 
6/25/2019 12:42 PM 227.29 4.89 0.00094 1.87832 
6/25/2019 12:43 PM 195.31 4.89 0.00081 1.61403 
6/25/2019 12:44 PM 213.30 4.89 0.00088 1.76272 
6/25/2019 12:45 PM 257.29 4.89 0.00106 2.12625 
6/25/2019 12:46 PM 230.03 4.89 0.00095 1.90099 
6/25/2019 12:47 PM 185.44 4.89 0.00077 1.53249 
6/25/2019 12:48 PM 176.19 4.89 0.00073 1.45605 
6/25/2019 12:49 PM 159.60 4.89 0.00066 1.31894 
6/25/2019 12:50 PM 177.67 0.02 0.00000 0.00601 
6/25/2019 12:51 PM 150.56 0.02 0.00000 0.00509 
6/25/2019 12:52 PM 166.59 0.02 0.00000 0.00563 
6/25/2019 12:53 PM 133.67 0.02 0.00000 0.00452 
6/25/2019 12:54 PM 121.58 0.02 0.00000 0.00411 
6/25/2019 12:55 PM 100.65 0.02 0.00000 0.00340 
6/25/2019 12:56 PM 124.09 0.02 0.00000 0.00419 
6/25/2019 12:57 PM 122.96 0.02 0.00000 0.00416 
6/25/2019 12:58 PM 74.68 0.02 0.00000 0.00252 
6/25/2019 12:59 PM 70.72 0.02 0.00000 0.00239 
6/25/2019 1:00 PM 92.43 0.02 0.00000 0.00312 
6/25/2019 1:01 PM 120.35 0.02 0.00000 0.00407 
6/25/2019 1:02 PM 130.91 0.02 0.00000 0.00442 
6/25/2019 1:03 PM 105.80 0.02 0.00000 0.00358 
6/25/2019 1:04 PM 127.71 0.02 0.00000 0.00432 
6/25/2019 1:05 PM 66.17 0.02 0.00000 0.00224 
6/25/2019 1:06 PM 121.28 0.02 0.00000 0.00410 
6/25/2019 1:07 PM 93.45 0.02 0.00000 0.00316 







6/25/2019 1:08 PM 111.75 0.02 0.00000 0.00378 
6/25/2019 1:09 PM 103.89 0.02 0.00000 0.00351 
6/25/2019 1:10 PM 70.56 0.02 0.00000 0.00238 
6/25/2019 1:11 PM 63.75 0.02 0.00000 0.00215 
6/25/2019 1:12 PM 83.87 0.02 0.00000 0.00283 
6/25/2019 1:13 PM 82.59 0.02 0.00000 0.00279 
6/25/2019 1:14 PM 102.81 0.02 0.00000 0.00347 
6/25/2019 1:15 PM 77.03 0.02 0.00000 0.00260 
6/25/2019 1:16 PM 62.98 0.02 0.00000 0.00213 
6/25/2019 1:17 PM 75.55 0.02 0.00000 0.00255 
6/25/2019 1:18 PM 85.29 0.02 0.00000 0.00288 
6/25/2019 1:19 PM 79.57 0.02 0.00000 0.00269 
6/25/2019 1:20 PM 60.69 0.02 0.00000 0.00205 
6/25/2019 1:21 PM 50.13 0.02 0.00000 0.00169 
6/25/2019 1:22 PM 61.37 0.02 0.00000 0.00207 
6/25/2019 1:23 PM 63.79 0.02 0.00000 0.00216 
6/25/2019 1:24 PM 100.95 0.02 0.00000 0.00341 
6/25/2019 1:25 PM 95.03 0.02 0.00000 0.00321 
6/25/2019 1:26 PM 74.85 0.02 0.00000 0.00253 
6/25/2019 1:27 PM 73.64 0.02 0.00000 0.00249 
6/25/2019 1:28 PM 106.02 0.02 0.00000 0.00358 
6/25/2019 1:29 PM 90.59 0.02 0.00000 0.00306 
6/25/2019 1:30 PM 83.08 0.02 0.00000 0.00281 
6/25/2019 1:31 PM 76.85 0.02 0.00000 0.00260 
6/25/2019 1:32 PM 94.61 0.02 0.00000 0.00320 
6/25/2019 1:33 PM 73.35 0.02 0.00000 0.00248 
6/25/2019 1:34 PM 74.76 0.02 0.00000 0.00253 
6/25/2019 1:35 PM 84.88 0.02 0.00000 0.00287 
6/25/2019 1:36 PM 74.77 0.02 0.00000 0.00253 
6/25/2019 1:37 PM 72.80 0.02 0.00000 0.00246 
6/25/2019 1:38 PM 75.84 0.02 0.00000 0.00256 
6/25/2019 1:39 PM 67.52 0.02 0.00000 0.00228 
6/25/2019 1:40 PM 60.10 0.02 0.00000 0.00203 
6/25/2019 1:41 PM 53.30 0.02 0.00000 0.00180 
6/25/2019 1:42 PM 50.67 0.02 0.00000 0.00171 
6/25/2019 1:43 PM 55.14 0.02 0.00000 0.00186 
6/25/2019 1:44 PM 58.17 0.02 0.00000 0.00197 
6/25/2019 1:45 PM 68.33 0.02 0.00000 0.00231 
6/25/2019 1:46 PM 53.31 0.02 0.00000 0.00180 
6/25/2019 1:47 PM 99.76 0.02 0.00000 0.00337 
6/25/2019 1:48 PM 139.57 0.02 0.00000 0.00472 
6/25/2019 1:49 PM 155.55 0.02 0.00000 0.00526 
6/25/2019 1:50 PM 162.32 0.02 0.00000 0.00549 
6/25/2019 1:51 PM 116.09 10.33 0.00101 2.02668 
6/25/2019 1:52 PM 91.06 10.33 0.00079 1.58973 
6/25/2019 1:53 PM 171.50 10.33 0.00150 2.99396 
6/25/2019 1:54 PM 261.93 10.33 0.00228 4.57265 







6/25/2019 1:55 PM 249.89 10.33 0.00218 4.36243 
6/25/2019 1:56 PM 182.26 10.33 0.00159 3.18176 
6/25/2019 1:57 PM 141.69 10.33 0.00124 2.47355 
6/25/2019 1:58 PM 118.67 10.33 0.00103 2.07175 
6/25/2019 1:59 PM 241.03 10.33 0.00210 4.20788 
6/25/2019 2:00 PM 363.76 10.33 0.00317 6.35034 
6/25/2019 2:01 PM 347.57 10.33 0.00303 6.06780 
6/25/2019 2:02 PM 241.73 10.33 0.00211 4.21999 
6/25/2019 2:03 PM 178.85 10.33 0.00156 3.12228 
6/25/2019 2:04 PM 176.68 10.33 0.00154 3.08436 
6/25/2019 2:05 PM 274.25 10.33 0.00239 4.78776 
6/25/2019 2:06 PM 325.22 10.33 0.00284 5.67756 
6/25/2019 2:07 PM 402.42 10.33 0.00351 7.02525 
6/25/2019 2:08 PM 606.35 10.33 0.00529 10.58546 
6/25/2019 2:09 PM 609.95 10.33 0.00532 10.64831 
6/25/2019 2:10 PM 351.13 10.33 0.00306 6.12988 
6/25/2019 2:11 PM 277.00 10.33 0.00242 4.83582 
6/25/2019 2:12 PM 210.42 10.33 0.00183 3.67343 
6/25/2019 2:13 PM 221.56 10.33 0.00193 3.86792 
6/25/2019 2:14 PM 467.75 10.33 0.00408 8.16593 
6/25/2019 2:15 PM 672.57 10.33 0.00586 11.74152 
6/25/2019 2:16 PM 608.73 10.33 0.00531 10.62702 
6/25/2019 2:17 PM 531.61 10.33 0.00463 9.28066 
6/25/2019 2:18 PM 357.42 10.33 0.00312 6.23977 
6/25/2019 2:19 PM 223.53 10.33 0.00195 3.90224 
6/25/2019 2:20 PM 156.13 10.33 0.00136 2.72574 
6/25/2019 2:21 PM 199.94 10.33 0.00174 3.49048 
6/25/2019 2:22 PM 332.28 10.33 0.00290 5.80086 
6/25/2019 2:23 PM 377.91 10.33 0.00329 6.59737 
6/25/2019 2:24 PM 496.16 10.33 0.00433 8.66188 
6/25/2019 2:25 PM 597.07 10.33 0.00521 10.42349 
6/25/2019 2:26 PM 490.24 10.33 0.00427 8.55848 
6/25/2019 2:27 PM 395.99 10.33 0.00345 6.91307 
6/25/2019 2:28 PM 461.81 10.33 0.00403 8.06206 
6/25/2019 2:29 PM 388.87 10.33 0.00339 6.78870 
6/25/2019 2:30 PM 624.83 10.33 0.00545 10.90814 
6/25/2019 2:31 PM 691.56 10.33 0.00603 12.07297 
6/25/2019 2:32 PM 652.91 10.33 0.00569 11.39831 
6/25/2019 2:33 PM 665.25 10.33 0.00580 11.61378 
6/25/2019 2:34 PM 597.47 10.33 0.00521 10.43053 
6/25/2019 2:35 PM 525.45 10.33 0.00458 9.17322 
6/25/2019 2:36 PM 476.02 10.33 0.00415 8.31027 
6/25/2019 2:37 PM 524.50 10.33 0.00457 9.15648 
6/25/2019 2:38 PM 665.66 10.33 0.00580 11.62097 
6/25/2019 2:39 PM 740.89 10.33 0.00646 12.93417 
6/25/2019 2:40 PM 694.44 10.33 0.00605 12.12327 
6/25/2019 2:41 PM 528.33 10.33 0.00461 9.22337 







6/25/2019 2:42 PM 463.85 10.33 0.00404 8.09774 
6/25/2019 2:43 PM 401.72 10.33 0.00350 7.01305 
6/25/2019 2:44 PM 501.24 10.33 0.00437 8.75049 
6/25/2019 2:45 PM 546.34 10.33 0.00476 9.53777 
6/25/2019 2:46 PM 612.62 10.33 0.00534 10.69497 
6/25/2019 2:47 PM 684.16 10.33 0.00596 11.94391 
6/25/2019 2:48 PM 594.68 10.33 0.00518 10.38172 
6/25/2019 2:49 PM 605.92 10.33 0.00528 10.57794 
6/25/2019 2:50 PM 682.33 1.69 0.00097 1.94879 
6/25/2019 2:51 PM 499.52 1.69 0.00071 1.42668 
6/25/2019 2:52 PM 222.33 1.69 0.00032 0.63501 
6/25/2019 2:53 PM 207.02 1.69 0.00030 0.59128 
6/25/2019 2:54 PM 269.81 1.69 0.00038 0.77059 
6/25/2019 2:55 PM 202.10 1.69 0.00029 0.57722 
6/25/2019 2:56 PM 156.98 1.69 0.00022 0.44834 
6/25/2019 2:57 PM 30.77 1.69 0.00004 0.08788 
6/25/2019 2:58 PM 136.17 1.69 0.00019 0.38891 
6/25/2019 2:59 PM 164.16 1.69 0.00023 0.46886 
6/25/2019 3:00 PM 192.66 1.69 0.00027 0.55027 
6/25/2019 3:01 PM 208.04 1.69 0.00030 0.59418 
6/25/2019 3:02 PM 216.11 1.69 0.00031 0.61723 
6/25/2019 3:03 PM 212.13 1.69 0.00030 0.60586 
6/25/2019 3:04 PM 202.76 1.69 0.00029 0.57910 
6/25/2019 3:05 PM 226.10 1.69 0.00032 0.64578 
6/25/2019 3:06 PM 211.60 1.69 0.00030 0.60435 
6/25/2019 3:07 PM 31.21 1.69 0.00004 0.08915 
6/25/2019 3:14 PM 79.18 1.69 0.00011 0.22615 
6/25/2019 3:15 PM 155.06 1.69 0.00022 0.44287 
6/25/2019 3:16 PM 197.87 1.69 0.00028 0.56515 
6/25/2019 3:17 PM 194.85 1.69 0.00028 0.55651 
6/25/2019 3:18 PM 148.51 1.69 0.00021 0.42417 
6/25/2019 3:19 PM 116.99 1.69 0.00017 0.33414 
6/25/2019 3:20 PM 74.98 1.69 0.00011 0.21416 
6/25/2019 3:21 PM 57.10 1.69 0.00008 0.16307 
6/25/2019 3:22 PM 49.42 1.69 0.00007 0.14113 
6/25/2019 3:23 PM 79.51 1.69 0.00011 0.22708 
6/25/2019 3:24 PM 45.39 1.69 0.00006 0.12964 
6/25/2019 3:25 PM 12.09 1.69 0.00002 0.03452 
6/25/2019 3:26 PM 8.47 1.69 0.00001 0.02419 
6/25/2019 3:27 PM 7.35 1.69 0.00001 0.02100 
6/25/2019 4:03 PM 10.91 5.92 0.00005 0.10918 
6/25/2019 4:04 PM 64.49 5.92 0.00032 0.64519 
6/25/2019 4:05 PM 29.26 5.92 0.00015 0.29278 
6/25/2019 4:40 PM 5.34 5.92 0.00003 0.05342 
6/25/2019 4:41 PM 94.44 5.92 0.00047 0.94481 
6/25/2019 4:42 PM 21.90 5.92 0.00011 0.21911 
6/25/2019 4:43 PM 28.26 5.92 0.00014 0.28273 







6/25/2019 4:44 PM 83.03 5.92 0.00041 0.83074 
6/25/2019 6:48 PM 1.24 1.44 0.00000 0.00302 
6/25/2019 6:49 PM 64.00 1.44 0.00008 0.15575 
6/25/2019 6:50 PM 40.11 1.44 0.00005 0.09761 
6/25/2019 6:51 PM 58.27 1.44 0.00007 0.14181 
6/25/2019 6:52 PM 35.21 1.44 0.00004 0.08569 
6/25/2019 6:53 PM 44.28 1.44 0.00005 0.10776 
6/25/2019 6:54 PM 20.40 1.44 0.00002 0.04965 
6/25/2019 6:55 PM 33.70 1.44 0.00004 0.08202 
6/25/2019 6:56 PM 19.99 1.44 0.00002 0.04865 
6/25/2019 6:57 PM 29.92 1.44 0.00004 0.07281 
6/25/2019 6:58 PM 32.12 1.44 0.00004 0.07817 
6/25/2019 6:59 PM 325.56 1.44 0.00040 0.79228 
6/25/2019 7:00 PM 768.47 1.44 0.00093 1.87014 
6/25/2019 7:01 PM 758.65 1.44 0.00092 1.84624 
6/25/2019 7:02 PM 772.48 1.44 0.00094 1.87990 
6/25/2019 7:03 PM 830.12 1.44 0.00101 2.02017 
6/25/2019 7:04 PM 879.85 1.44 0.00107 2.14121 
6/25/2019 7:05 PM 854.86 1.44 0.00104 2.08038 
6/25/2019 7:06 PM 833.23 1.44 0.00101 2.02775 
6/25/2019 7:07 PM 839.31 1.44 0.00102 2.04254 
6/25/2019 7:08 PM 545.91 1.44 0.00066 1.32852 
6/25/2019 7:09 PM 111.05 1.44 0.00013 0.27025 
6/25/2019 7:10 PM 90.08 1.44 0.00011 0.21922 
6/25/2019 7:11 PM 87.94 1.44 0.00011 0.21402 
6/25/2019 7:12 PM 27.96 1.44 0.00003 0.06805 
6/25/2019 7:13 PM 56.73 1.44 0.00007 0.13807 
6/25/2019 7:14 PM 15.35 1.44 0.00002 0.03736 
6/25/2019 7:15 PM 1.85 1.44 0.00000 0.00450 
6/25/2019 7:17 PM 24.83 1.44 0.00003 0.06044 
6/25/2019 7:18 PM 194.23 1.44 0.00024 0.47267 
6/25/2019 7:19 PM 44.64 1.44 0.00005 0.10864 
6/25/2019 7:36 PM 21.08 1.44 0.00003 0.05129 
6/25/2019 7:37 PM 104.75 1.44 0.00013 0.25491 
6/25/2019 7:38 PM 224.16 1.44 0.00027 0.54550 
6/25/2019 7:39 PM 181.59 1.44 0.00022 0.44192 
6/25/2019 7:40 PM 93.09 1.44 0.00011 0.22653 
6/25/2019 7:41 PM 122.26 1.44 0.00015 0.29752 
6/25/2019 7:42 PM 98.34 1.44 0.00012 0.23933 
6/25/2019 7:43 PM 103.86 1.44 0.00013 0.25276 
6/25/2019 7:44 PM 104.22 1.44 0.00013 0.25362 
6/25/2019 7:45 PM 131.61 1.44 0.00016 0.32030 
6/25/2019 7:46 PM 125.36 1.44 0.00015 0.30508 
6/25/2019 7:47 PM 114.90 1.44 0.00014 0.27962 
6/25/2019 7:48 PM 119.97 1.44 0.00015 0.29196 
6/25/2019 7:49 PM 109.36 8.73 0.00081 1.61341 
6/25/2019 7:50 PM 95.05 8.73 0.00070 1.40232 







6/25/2019 7:51 PM 99.52 8.73 0.00073 1.46824 
6/25/2019 7:52 PM 136.63 8.73 0.00101 2.01582 
6/25/2019 7:53 PM 201.82 8.73 0.00149 2.97758 
6/25/2019 7:54 PM 183.58 8.73 0.00135 2.70848 
6/25/2019 7:55 PM 349.44 8.73 0.00257 5.15548 
6/25/2019 7:56 PM 106.67 8.73 0.00079 1.57383 
6/25/2019 7:57 PM 87.07 8.73 0.00064 1.28453 
6/25/2019 7:58 PM 95.99 8.73 0.00071 1.41616 
6/25/2019 7:59 PM 101.47 8.73 0.00075 1.49712 
6/25/2019 8:00 PM 139.57 8.73 0.00103 2.05920 
6/25/2019 8:01 PM 151.09 8.73 0.00111 2.22908 
6/25/2019 8:02 PM 77.42 8.73 0.00057 1.14223 
6/25/2019 8:03 PM 107.60 8.73 0.00079 1.58748 
6/25/2019 8:04 PM 80.53 8.73 0.00059 1.18815 
6/25/2019 8:05 PM 102.99 8.73 0.00076 1.51952 
6/25/2019 8:06 PM 30.93 8.73 0.00023 0.45634 
6/25/2019 8:07 PM 24.05 8.73 0.00018 0.35490 
6/25/2019 8:08 PM 45.71 8.73 0.00034 0.67443 
6/25/2019 8:09 PM 56.49 8.73 0.00042 0.83337 
6/25/2019 8:10 PM 44.39 8.73 0.00033 0.65487 
6/25/2019 8:11 PM 31.57 8.73 0.00023 0.46580 
6/25/2019 8:12 PM 20.67 8.73 0.00015 0.30492 
6/25/2019 8:13 PM 9.76 8.73 0.00007 0.14402 
6/25/2019 8:49 PM 120.32 8.73 0.00089 1.77513 
6/25/2019 8:50 PM 117.18 1.42 0.00014 0.28122 
6/25/2019 8:51 PM 55.47 1.42 0.00007 0.13311 
6/25/2019 8:52 PM 17.60 1.42 0.00002 0.04225 
6/25/2019 8:53 PM 27.01 1.42 0.00003 0.06483 
6/25/2019 8:54 PM 16.13 1.42 0.00002 0.03870 
6/25/2019 8:55 PM 21.09 1.42 0.00003 0.05062 
6/25/2019 8:56 PM 10.76 1.42 0.00001 0.02582 
6/25/2019 8:57 PM 0.02 1.42 0.00000 0.00005 
6/25/2019 8:58 PM 0.10 1.42 0.00000 0.00024 
6/25/2019 9:04 PM 42.83 1.42 0.00005 0.10277 
6/25/2019 9:05 PM 74.67 1.42 0.00009 0.17919 
6/25/2019 9:06 PM 94.39 1.42 0.00011 0.22653 
6/25/2019 9:07 PM 60.48 1.42 0.00007 0.14514 
6/25/2019 9:08 PM 30.70 1.42 0.00004 0.07368 
6/25/2019 9:09 PM 50.84 1.42 0.00006 0.12202 
6/25/2019 9:10 PM 152.68 1.42 0.00018 0.36639 
6/25/2019 9:11 PM 597.25 1.42 0.00072 1.43329 
6/25/2019 9:12 PM 206.25 1.42 0.00025 0.49495 
6/25/2019 9:13 PM 54.78 1.42 0.00007 0.13145 
6/25/2019 9:14 PM 50.83 1.42 0.00006 0.12197 
6/25/2019 9:15 PM 213.17 1.42 0.00026 0.51156 
6/25/2019 9:16 PM 887.66 1.42 0.00106 2.13021 
6/25/2019 9:17 PM 802.49 1.42 0.00096 1.92581 







6/25/2019 9:18 PM 136.87 1.42 0.00016 0.32846 
6/25/2019 9:19 PM 233.19 1.42 0.00028 0.55960 
6/25/2019 9:20 PM 180.19 1.42 0.00022 0.43241 
6/25/2019 9:21 PM 110.44 1.42 0.00013 0.26504 
6/25/2019 9:22 PM 67.61 1.42 0.00008 0.16226 
6/25/2019 9:23 PM 44.51 1.42 0.00005 0.10681 
6/25/2019 9:24 PM 56.43 1.42 0.00007 0.13541 
6/25/2019 9:25 PM 163.57 1.42 0.00020 0.39255 
6/25/2019 9:26 PM 176.24 1.42 0.00021 0.42295 
6/25/2019 9:27 PM 670.85 1.42 0.00080 1.60992 
6/25/2019 9:28 PM 216.98 1.42 0.00026 0.52071 
6/25/2019 9:29 PM 117.35 1.42 0.00014 0.28162 
6/25/2019 9:30 PM 55.67 1.42 0.00007 0.13360 
6/25/2019 9:31 PM 55.00 1.42 0.00007 0.13199 
6/25/2019 9:32 PM 60.31 1.42 0.00007 0.14472 
6/25/2019 9:33 PM 49.54 1.42 0.00006 0.11887 
6/25/2019 9:34 PM 54.29 1.42 0.00007 0.13028 
6/25/2019 9:35 PM 84.19 1.42 0.00010 0.20204 
6/25/2019 9:36 PM 73.29 1.42 0.00009 0.17588 
6/25/2019 9:37 PM 103.40 1.42 0.00012 0.24814 
6/25/2019 9:38 PM 73.92 1.42 0.00009 0.17739 
6/25/2019 9:39 PM 137.90 1.42 0.00017 0.33093 
6/25/2019 9:40 PM 74.83 1.42 0.00009 0.17958 
6/25/2019 9:41 PM 69.53 1.42 0.00008 0.16685 
6/25/2019 9:42 PM 76.25 1.42 0.00009 0.18299 
6/25/2019 9:43 PM 101.19 1.42 0.00012 0.24284 
6/25/2019 9:44 PM 149.61 1.42 0.00018 0.35902 
6/25/2019 9:45 PM 130.42 1.42 0.00016 0.31298 
6/25/2019 9:46 PM 129.80 1.42 0.00016 0.31149 
6/25/2019 9:47 PM 136.84 1.42 0.00016 0.32839 
6/25/2019 9:48 PM 99.39 1.42 0.00012 0.23852 
6/25/2019 9:49 PM 112.69 1.42 0.00014 0.27044 
6/25/2019 9:50 PM 100.52 11.83 0.00100 2.00963 
6/25/2019 9:51 PM 61.60 11.83 0.00062 1.23149 
6/25/2019 9:52 PM 60.77 11.83 0.00061 1.21505 
6/25/2019 9:53 PM 75.85 11.83 0.00076 1.51646 
6/25/2019 9:54 PM 72.87 11.83 0.00073 1.45678 
6/25/2019 9:55 PM 70.88 11.83 0.00071 1.41707 
6/25/2019 9:56 PM 66.73 11.83 0.00067 1.33415 
6/25/2019 9:57 PM 41.43 11.83 0.00041 0.82831 
6/25/2019 9:58 PM 89.11 11.83 0.00089 1.78155 
6/25/2019 9:59 PM 84.62 11.83 0.00084 1.69172 


6/25/2019 10:00 PM 71.43 11.83 0.00071 1.42811 
6/25/2019 10:01 PM 53.56 11.83 0.00053 1.07078 
6/25/2019 10:02 PM 72.58 11.83 0.00072 1.45106 
6/25/2019 10:03 PM 89.26 11.83 0.00089 1.78464 
6/25/2019 10:04 PM 96.44 11.83 0.00096 1.92801 







6/25/2019 10:05 PM 96.30 11.83 0.00096 1.92530 
6/25/2019 10:06 PM 63.90 11.83 0.00064 1.27762 
6/25/2019 10:07 PM 68.73 11.83 0.00069 1.37401 
6/25/2019 10:08 PM 137.54 11.83 0.00137 2.74979 
6/25/2019 10:09 PM 148.65 11.83 0.00148 2.97182 
6/25/2019 10:10 PM 206.38 11.83 0.00206 4.12606 
6/25/2019 10:11 PM 145.90 11.83 0.00146 2.91697 
6/25/2019 10:12 PM 92.83 11.83 0.00093 1.85588 
6/25/2019 10:13 PM 69.31 11.83 0.00069 1.38559 
6/25/2019 10:14 PM 86.11 11.83 0.00086 1.72155 
6/25/2019 10:15 PM 114.95 11.83 0.00115 2.29809 
6/25/2019 10:16 PM 97.47 11.83 0.00097 1.94875 
6/25/2019 10:17 PM 129.20 11.83 0.00129 2.58300 
6/25/2019 10:18 PM 470.41 11.83 0.00470 9.40475 
6/25/2019 10:19 PM 335.75 11.83 0.00335 6.71256 
6/25/2019 10:20 PM 99.88 11.83 0.00100 1.99696 
6/25/2019 10:21 PM 51.24 11.83 0.00051 1.02447 
6/25/2019 10:22 PM 65.82 11.83 0.00066 1.31584 
6/25/2019 10:23 PM 45.98 11.83 0.00046 0.91934 
6/25/2019 10:24 PM 65.46 11.83 0.00065 1.30871 
6/25/2019 10:25 PM 52.56 11.83 0.00052 1.05086 
6/25/2019 10:26 PM 45.50 11.83 0.00045 0.90963 
6/25/2019 10:27 PM 50.61 11.83 0.00051 1.01187 
6/25/2019 10:28 PM 32.13 11.83 0.00032 0.64235 
6/25/2019 10:29 PM 59.40 11.83 0.00059 1.18751 
6/25/2019 10:30 PM 79.52 11.83 0.00079 1.58980 
6/25/2019 10:31 PM 99.69 11.83 0.00100 1.99306 
6/25/2019 10:32 PM 78.95 11.83 0.00079 1.57846 
6/25/2019 10:33 PM 70.01 11.83 0.00070 1.39975 
6/25/2019 10:34 PM 73.39 11.83 0.00073 1.46726 
6/25/2019 10:35 PM 54.63 11.83 0.00055 1.09221 
6/25/2019 10:36 PM 57.52 11.83 0.00057 1.14992 
6/25/2019 10:37 PM 30.81 11.83 0.00031 0.61598 
6/25/2019 10:38 PM 46.49 11.83 0.00046 0.92937 
6/25/2019 10:39 PM 43.90 11.83 0.00044 0.87758 
6/25/2019 10:40 PM 71.01 11.83 0.00071 1.41973 
6/25/2019 10:41 PM 75.35 11.83 0.00075 1.50644 
6/25/2019 10:42 PM 59.74 11.83 0.00060 1.19434 
6/25/2019 10:43 PM 58.12 11.83 0.00058 1.16188 
6/25/2019 10:44 PM 76.45 11.83 0.00076 1.52847 
6/25/2019 10:45 PM 110.80 11.83 0.00111 2.21522 
6/25/2019 10:46 PM 90.80 11.83 0.00091 1.81525 
6/25/2019 10:47 PM 121.10 11.83 0.00121 2.42106 
6/25/2019 10:48 PM 91.82 11.83 0.00092 1.83579 
6/25/2019 10:49 PM 83.29 11.83 0.00083 1.66514 
6/25/2019 10:50 PM 56.39 1.14 0.00005 0.10864 
6/25/2019 10:51 PM 75.97 1.14 0.00007 0.14637 







6/25/2019 10:52 PM 59.34 1.14 0.00006 0.11433 
6/25/2019 10:53 PM 94.52 1.14 0.00009 0.18209 
6/25/2019 10:54 PM 72.95 1.14 0.00007 0.14055 
6/25/2019 10:55 PM 59.53 1.14 0.00006 0.11469 
6/25/2019 10:56 PM 60.12 1.14 0.00006 0.11582 
6/25/2019 10:57 PM 94.54 1.14 0.00009 0.18214 
6/25/2019 10:58 PM 31.87 1.14 0.00003 0.06139 
6/25/2019 10:59 PM 68.72 1.14 0.00007 0.13240 
6/25/2019 11:00 PM 95.63 1.14 0.00009 0.18423 
6/25/2019 11:01 PM 127.49 1.14 0.00012 0.24563 
6/25/2019 11:02 PM 102.63 1.14 0.00010 0.19773 
6/25/2019 11:03 PM 62.79 1.14 0.00006 0.12097 
6/25/2019 11:04 PM 46.17 1.14 0.00004 0.08896 
6/25/2019 11:05 PM 49.66 1.14 0.00005 0.09567 
6/25/2019 11:06 PM 69.56 1.14 0.00007 0.13401 
6/25/2019 11:07 PM 82.09 1.14 0.00008 0.15815 
6/25/2019 11:08 PM 67.17 1.14 0.00006 0.12941 
6/25/2019 11:09 PM 44.27 1.14 0.00004 0.08529 
6/25/2019 11:10 PM 46.61 1.14 0.00004 0.08980 
6/25/2019 11:11 PM 53.79 1.14 0.00005 0.10364 
6/25/2019 11:12 PM 51.89 1.14 0.00005 0.09996 
6/25/2019 11:13 PM 69.28 1.14 0.00007 0.13348 
6/25/2019 11:14 PM 129.10 1.14 0.00012 0.24872 
6/25/2019 11:15 PM 67.76 1.14 0.00007 0.13055 
6/25/2019 11:16 PM 56.29 1.14 0.00005 0.10845 
6/25/2019 11:17 PM 76.37 1.14 0.00007 0.14714 
6/25/2019 11:18 PM 57.41 1.14 0.00006 0.11060 
6/25/2019 11:19 PM 33.06 1.14 0.00003 0.06369 
6/25/2019 11:20 PM 36.03 1.14 0.00003 0.06941 
6/25/2019 11:21 PM 33.32 1.14 0.00003 0.06420 
6/25/2019 11:22 PM 35.99 1.14 0.00003 0.06935 
6/25/2019 11:23 PM 23.39 1.14 0.00002 0.04506 
6/25/2019 11:24 PM 24.40 1.14 0.00002 0.04701 
6/25/2019 11:25 PM 36.54 1.14 0.00004 0.07040 
6/25/2019 11:26 PM 36.02 1.14 0.00003 0.06940 
6/25/2019 11:27 PM 26.47 1.14 0.00003 0.05101 
6/25/2019 11:28 PM 13.00 1.14 0.00001 0.02504 
6/25/2019 11:29 PM 58.86 1.14 0.00006 0.11339 
6/25/2019 11:30 PM 65.55 1.14 0.00006 0.12628 
6/25/2019 11:31 PM 98.02 1.14 0.00009 0.18885 
6/25/2019 11:32 PM 120.66 1.14 0.00012 0.23246 
6/25/2019 11:33 PM 45.02 1.14 0.00004 0.08673 
6/25/2019 11:34 PM 57.20 1.14 0.00006 0.11021 
6/25/2019 11:35 PM 34.02 1.14 0.00003 0.06555 
6/25/2019 11:36 PM 54.08 1.14 0.00005 0.10419 
6/25/2019 11:37 PM 53.88 1.14 0.00005 0.10381 
6/25/2019 11:38 PM 52.98 1.14 0.00005 0.10206 







6/25/2019 11:39 PM 65.79 1.14 0.00006 0.12676 
6/25/2019 11:40 PM 47.22 1.14 0.00005 0.09097 
6/25/2019 11:41 PM 63.61 1.14 0.00006 0.12255 
6/25/2019 11:42 PM 120.53 1.14 0.00012 0.23222 
6/25/2019 11:43 PM 65.31 1.14 0.00006 0.12583 
6/25/2019 11:44 PM 32.84 1.14 0.00003 0.06326 
6/25/2019 11:45 PM 31.40 1.14 0.00003 0.06049 
6/25/2019 11:46 PM 17.97 1.14 0.00002 0.03463 
6/25/2019 11:47 PM 24.31 1.14 0.00002 0.04684 
6/25/2019 11:48 PM 18.34 1.14 0.00002 0.03533 
6/25/2019 11:49 PM 52.80 1.14 0.00005 0.10172 
6/25/2019 11:50 PM 0.35 11.45 0.00000 0.00674 
6/25/2019 11:51 PM 18.46 11.45 0.00018 0.35726 
6/25/2019 11:52 PM 15.50 11.45 0.00015 0.29989 
6/25/2019 11:53 PM 12.55 11.45 0.00012 0.24279 
6/25/2019 11:54 PM 24.96 11.45 0.00024 0.48302 
6/25/2019 11:55 PM 35.74 11.45 0.00035 0.69162 
6/25/2019 11:57 PM 7.38 11.45 0.00007 0.14279 
6/25/2019 11:58 PM 34.77 11.45 0.00034 0.67287 


6/26/2019 12:00 AM 49.48 11.45 0.00048 0.95744 
6/26/2019 12:01 AM 47.40 11.45 0.00046 0.91713 
6/26/2019 12:02 AM 83.60 11.45 0.00081 1.61768 


6/26/2019 12:03 AM 57.69 11.45 0.00056 1.11641 
6/26/2019 12:04 AM 64.90 11.45 0.00063 1.25586 
6/26/2019 12:05 AM 47.76 11.45 0.00046 0.92409 
6/26/2019 12:06 AM 73.93 11.45 0.00071 1.43064 
6/26/2019 12:07 AM 55.48 11.45 0.00054 1.07360 
6/26/2019 12:08 AM 41.44 11.45 0.00040 0.80192 
6/26/2019 12:09 AM 33.22 11.45 0.00032 0.64285 
6/26/2019 12:10 AM 34.89 11.45 0.00034 0.67513 
6/26/2019 12:11 AM 29.26 11.45 0.00028 0.56625 
6/26/2019 12:12 AM 37.56 11.45 0.00036 0.72675 
6/26/2019 12:13 AM 21.07 11.45 0.00020 0.40778 
6/26/2019 12:14 AM 38.20 11.45 0.00037 0.73925 
6/26/2019 12:15 AM 18.75 11.45 0.00018 0.36279 
6/26/2019 12:16 AM 51.22 11.45 0.00050 0.99122 
6/26/2019 12:17 AM 64.98 11.45 0.00063 1.25731 
6/26/2019 12:18 AM 56.23 11.45 0.00054 1.08806 
6/26/2019 12:19 AM 19.32 11.45 0.00019 0.37388 
6/26/2019 12:20 AM 18.95 11.45 0.00018 0.36672 
6/26/2019 12:21 AM 53.40 11.45 0.00052 1.03329 
6/26/2019 12:22 AM 24.70 11.45 0.00024 0.47795 
6/26/2019 12:23 AM 98.21 11.45 0.00095 1.90041 
6/26/2019 12:24 AM 48.66 11.45 0.00047 0.94154 
6/26/2019 12:25 AM 42.51 11.45 0.00041 0.82251 
6/26/2019 12:26 AM 35.76 11.45 0.00035 0.69201 
6/26/2019 12:27 AM 24.97 11.45 0.00024 0.48315 







6/26/2019 12:28 AM 163.15 11.45 0.00158 3.15712 
6/26/2019 12:29 AM 259.62 11.45 0.00251 5.02385 
6/26/2019 12:30 AM 96.57 11.45 0.00093 1.86875 
6/26/2019 12:31 AM 50.60 11.45 0.00049 0.97912 
6/26/2019 12:32 AM 67.00 11.45 0.00065 1.29656 
6/26/2019 12:33 AM 45.18 11.45 0.00044 0.87428 
6/26/2019 12:34 AM 66.47 11.45 0.00064 1.28627 
6/26/2019 12:35 AM 70.74 11.45 0.00068 1.36881 
6/26/2019 12:36 AM 64.27 11.45 0.00062 1.24356 
6/26/2019 12:37 AM 62.59 11.45 0.00060 1.21109 
6/26/2019 12:38 AM 121.09 11.45 0.00117 2.34307 
6/26/2019 12:39 AM 36.10 11.45 0.00035 0.69861 
6/26/2019 12:40 AM 46.94 11.45 0.00045 0.90834 
6/26/2019 12:41 AM 29.69 11.45 0.00029 0.57449 
6/26/2019 12:42 AM 33.66 11.45 0.00033 0.65138 
6/26/2019 12:43 AM 17.33 11.45 0.00017 0.33526 
6/26/2019 12:44 AM 30.75 11.45 0.00030 0.59499 
6/26/2019 12:45 AM 107.70 11.45 0.00104 2.08406 
6/26/2019 12:46 AM 68.90 11.45 0.00067 1.33329 
6/26/2019 12:47 AM 33.62 11.45 0.00032 0.65059 
6/26/2019 12:48 AM 59.74 11.45 0.00058 1.15592 
6/26/2019 12:49 AM 99.00 11.45 0.00096 1.91562 
6/26/2019 12:50 AM 83.08 11.45 0.00080 1.60769 
6/26/2019 12:51 AM 79.36 11.45 0.00077 1.53561 
6/26/2019 12:52 AM 59.52 11.45 0.00058 1.15168 
6/26/2019 12:53 AM 119.13 11.45 0.00115 2.30527 
6/26/2019 12:54 AM 164.27 0.96 0.00013 0.26651 
6/26/2019 12:55 AM 177.15 0.96 0.00014 0.28741 
6/26/2019 12:56 AM 133.91 0.96 0.00011 0.21726 
6/26/2019 12:57 AM 90.13 0.96 0.00007 0.14623 
6/26/2019 12:58 AM 146.37 0.96 0.00012 0.23748 
6/26/2019 12:59 AM 145.75 0.96 0.00012 0.23647 
6/26/2019 1:00 AM 51.51 0.96 0.00004 0.08357 
6/26/2019 1:01 AM 26.32 0.96 0.00002 0.04270 
6/26/2019 1:02 AM 32.57 0.96 0.00003 0.05284 
6/26/2019 1:03 AM 27.85 0.96 0.00002 0.04519 
6/26/2019 1:04 AM 35.54 0.96 0.00003 0.05766 
6/26/2019 1:05 AM 45.99 0.96 0.00004 0.07461 
6/26/2019 1:06 AM 102.94 0.96 0.00008 0.16700 
6/26/2019 1:07 AM 19.17 0.96 0.00002 0.03110 
6/26/2019 1:08 AM 34.13 0.96 0.00003 0.05537 
6/26/2019 1:09 AM 46.30 0.96 0.00004 0.07512 
6/26/2019 1:10 AM 31.20 0.96 0.00003 0.05062 
6/26/2019 1:11 AM 55.43 0.96 0.00004 0.08993 
6/26/2019 1:12 AM 59.69 0.96 0.00005 0.09684 
6/26/2019 1:13 AM 88.30 0.96 0.00007 0.14325 
6/26/2019 1:14 AM 42.73 0.96 0.00003 0.06932 







6/26/2019 1:15 AM 79.05 0.96 0.00006 0.12826 
6/26/2019 1:16 AM 74.69 0.96 0.00006 0.12117 
6/26/2019 1:17 AM 50.14 0.96 0.00004 0.08134 
6/26/2019 1:18 AM 14.36 0.96 0.00001 0.02330 
6/26/2019 1:19 AM 83.71 0.96 0.00007 0.13581 
6/26/2019 1:20 AM 45.45 0.96 0.00004 0.07373 
6/26/2019 1:21 AM 82.27 0.96 0.00007 0.13348 
6/26/2019 1:22 AM 18.15 0.96 0.00001 0.02944 
6/26/2019 1:23 AM 50.43 0.96 0.00004 0.08181 
6/26/2019 1:24 AM 95.05 0.96 0.00008 0.15421 
6/26/2019 1:25 AM 31.72 0.96 0.00003 0.05146 
6/26/2019 1:26 AM 28.72 0.96 0.00002 0.04659 
6/26/2019 1:27 AM 35.42 0.96 0.00003 0.05746 
6/26/2019 1:28 AM 53.11 0.96 0.00004 0.08617 
6/26/2019 1:29 AM 26.41 0.96 0.00002 0.04285 
6/26/2019 1:30 AM 12.61 0.96 0.00001 0.02046 
6/26/2019 1:31 AM 42.22 0.96 0.00003 0.06849 
6/26/2019 1:32 AM 12.92 0.96 0.00001 0.02096 
6/26/2019 1:33 AM 25.49 0.96 0.00002 0.04136 
6/26/2019 1:34 AM 57.76 0.96 0.00005 0.09371 
6/26/2019 1:35 AM 13.01 0.96 0.00001 0.02111 
6/26/2019 1:36 AM 48.58 0.96 0.00004 0.07881 
6/26/2019 1:37 AM 45.05 0.96 0.00004 0.07309 
6/26/2019 1:38 AM 12.15 0.96 0.00001 0.01971 
6/26/2019 1:39 AM 10.27 0.96 0.00001 0.01666 
6/26/2019 1:40 AM 35.53 0.96 0.00003 0.05765 
6/26/2019 1:41 AM 28.44 0.96 0.00002 0.04614 
6/26/2019 1:42 AM 27.97 0.96 0.00002 0.04538 
6/26/2019 1:43 AM 23.77 0.96 0.00002 0.03856 
6/26/2019 1:44 AM 14.42 0.96 0.00001 0.02339 
6/26/2019 1:45 AM 30.40 0.96 0.00002 0.04932 
6/26/2019 1:46 AM 31.49 0.96 0.00003 0.05109 
6/26/2019 1:47 AM 44.09 0.96 0.00004 0.07152 
6/26/2019 1:48 AM 37.81 0.96 0.00003 0.06134 
6/26/2019 1:49 AM 30.36 0.96 0.00002 0.04926 
6/26/2019 1:50 AM 50.97 0.96 0.00004 0.08270 
6/26/2019 1:51 AM 51.01 0.96 0.00004 0.08275 
6/26/2019 1:52 AM 57.38 0.96 0.00005 0.09310 
6/26/2019 1:53 AM 47.82 0.96 0.00004 0.07758 
6/26/2019 1:54 AM 71.08 10.95 0.00066 1.31529 
6/26/2019 1:55 AM 45.05 10.95 0.00042 0.83361 
6/26/2019 1:56 AM 72.84 10.95 0.00067 1.34785 
6/26/2019 1:57 AM 41.75 10.95 0.00039 0.77257 
6/26/2019 1:58 AM 42.13 10.95 0.00039 0.77967 
6/26/2019 1:59 AM 74.64 10.95 0.00069 1.38121 
6/26/2019 2:00 AM 28.77 10.95 0.00027 0.53233 
6/26/2019 2:01 AM 46.94 10.95 0.00043 0.86865 







6/26/2019 2:02 AM 75.02 10.95 0.00069 1.38833 
6/26/2019 2:03 AM 53.07 10.95 0.00049 0.98206 
6/26/2019 2:04 AM 62.27 10.95 0.00058 1.15228 
6/26/2019 2:05 AM 79.87 10.95 0.00074 1.47810 
6/26/2019 2:06 AM 50.40 10.95 0.00047 0.93272 
6/26/2019 2:07 AM 32.25 10.95 0.00030 0.59672 
6/26/2019 2:08 AM 51.30 10.95 0.00047 0.94927 
6/26/2019 2:09 AM 24.13 10.95 0.00022 0.44660 
6/26/2019 2:10 AM 41.58 10.95 0.00038 0.76946 
6/26/2019 2:11 AM 68.04 10.95 0.00063 1.25919 
6/26/2019 2:12 AM 55.69 10.95 0.00051 1.03066 
6/26/2019 2:13 AM 58.27 10.95 0.00054 1.07832 
6/26/2019 2:14 AM 41.18 10.95 0.00038 0.76214 
6/26/2019 2:15 AM 31.68 10.95 0.00029 0.58625 
6/26/2019 2:16 AM 48.00 10.95 0.00044 0.88834 
6/26/2019 2:17 AM 44.64 10.95 0.00041 0.82603 
6/26/2019 2:18 AM 41.57 10.95 0.00038 0.76921 
6/26/2019 2:19 AM 41.31 10.95 0.00038 0.76440 
6/26/2019 2:20 AM 53.84 10.95 0.00050 0.99625 
6/26/2019 2:21 AM 57.14 10.95 0.00053 1.05736 
6/26/2019 2:22 AM 50.17 10.95 0.00046 0.92837 
6/26/2019 2:23 AM 40.22 10.95 0.00037 0.74423 
6/26/2019 2:24 AM 57.06 10.95 0.00053 1.05601 
6/26/2019 2:25 AM 56.91 10.95 0.00053 1.05314 
6/26/2019 2:26 AM 86.85 10.95 0.00080 1.60718 
6/26/2019 2:27 AM 64.09 10.95 0.00059 1.18597 
6/26/2019 2:28 AM 34.46 10.95 0.00032 0.63774 
6/26/2019 2:29 AM 28.05 10.95 0.00026 0.51903 
6/26/2019 2:30 AM 16.80 10.95 0.00016 0.31090 
6/26/2019 2:31 AM 21.43 10.95 0.00020 0.39665 
6/26/2019 2:32 AM 22.53 10.95 0.00021 0.41693 
6/26/2019 2:33 AM 44.00 10.95 0.00041 0.81431 
6/26/2019 2:34 AM 67.13 10.95 0.00062 1.24232 
6/26/2019 2:35 AM 65.08 10.95 0.00060 1.20427 
6/26/2019 2:36 AM 58.94 10.95 0.00054 1.09064 
6/26/2019 2:37 AM 29.61 10.95 0.00027 0.54797 
6/26/2019 2:38 AM 31.39 10.95 0.00029 0.58098 
6/26/2019 2:39 AM 34.50 10.95 0.00032 0.63839 
6/26/2019 2:40 AM 131.17 10.95 0.00121 2.42741 
6/26/2019 2:41 AM 82.25 10.95 0.00076 1.52208 
6/26/2019 2:42 AM 61.03 10.95 0.00056 1.12946 
6/26/2019 2:43 AM 70.88 10.95 0.00066 1.31160 
6/26/2019 2:44 AM 34.70 10.95 0.00032 0.64210 
6/26/2019 2:45 AM 38.33 10.95 0.00035 0.70926 
6/26/2019 2:46 AM 39.65 10.95 0.00037 0.73379 
6/26/2019 2:47 AM 86.04 10.95 0.00080 1.59213 
6/26/2019 2:48 AM 90.45 10.95 0.00084 1.67376 







6/26/2019 2:49 AM 68.22 10.95 0.00063 1.26241 
6/26/2019 2:50 AM 93.33 10.95 0.00086 1.72713 
6/26/2019 2:51 AM 85.59 10.95 0.00079 1.58389 
6/26/2019 2:52 AM 64.70 10.95 0.00060 1.19727 
6/26/2019 2:53 AM 97.88 10.95 0.00090 1.81137 
6/26/2019 2:54 AM 115.30 1.26 0.00012 0.24551 
6/26/2019 2:55 AM 118.27 1.26 0.00013 0.25184 
6/26/2019 2:56 AM 85.00 1.26 0.00009 0.18099 
6/26/2019 2:57 AM 71.40 1.26 0.00008 0.15205 
6/26/2019 2:58 AM 75.44 1.26 0.00008 0.16064 
6/26/2019 2:59 AM 47.45 1.26 0.00005 0.10104 
6/26/2019 3:00 AM 66.52 1.26 0.00007 0.14164 
6/26/2019 3:01 AM 64.61 1.26 0.00007 0.13759 
6/26/2019 3:02 AM 86.60 1.26 0.00009 0.18440 
6/26/2019 3:03 AM 82.05 1.26 0.00009 0.17471 
6/26/2019 3:04 AM 105.48 1.26 0.00011 0.22462 
6/26/2019 3:05 AM 43.73 1.26 0.00005 0.09311 
6/26/2019 3:06 AM 76.33 1.26 0.00008 0.16253 
6/26/2019 3:07 AM 55.63 1.26 0.00006 0.11847 
6/26/2019 3:08 AM 99.90 1.26 0.00011 0.21272 
6/26/2019 3:09 AM 181.46 1.26 0.00019 0.38640 
6/26/2019 3:10 AM 130.95 1.26 0.00014 0.27885 
6/26/2019 3:11 AM 84.97 1.26 0.00009 0.18094 
6/26/2019 3:12 AM 116.49 1.26 0.00012 0.24806 
6/26/2019 3:13 AM 88.43 1.26 0.00009 0.18830 
6/26/2019 3:14 AM 50.85 1.26 0.00005 0.10828 
6/26/2019 3:15 AM 68.47 1.26 0.00007 0.14580 
6/26/2019 3:16 AM 87.52 1.26 0.00009 0.18636 
6/26/2019 3:17 AM 182.55 1.26 0.00019 0.38871 
6/26/2019 3:18 AM 139.50 1.26 0.00015 0.29705 
6/26/2019 3:19 AM 179.09 1.26 0.00019 0.38135 
6/26/2019 3:20 AM 199.97 1.26 0.00021 0.42582 
6/26/2019 3:21 AM 160.30 1.26 0.00017 0.34135 
6/26/2019 3:22 AM 142.06 1.26 0.00015 0.30250 
6/26/2019 3:23 AM 169.60 1.26 0.00018 0.36115 
6/26/2019 3:24 AM 156.11 1.26 0.00017 0.33243 
6/26/2019 3:25 AM 100.15 1.26 0.00011 0.21325 
6/26/2019 3:26 AM 99.98 1.26 0.00011 0.21289 
6/26/2019 3:27 AM 99.64 1.26 0.00011 0.21218 
6/26/2019 3:28 AM 81.66 1.26 0.00009 0.17388 
6/26/2019 3:29 AM 77.38 1.26 0.00008 0.16477 
6/26/2019 3:30 AM 122.40 1.26 0.00013 0.26063 
6/26/2019 3:31 AM 94.33 1.26 0.00010 0.20087 
6/26/2019 3:32 AM 74.86 1.26 0.00008 0.15940 
6/26/2019 3:33 AM 166.23 1.26 0.00018 0.35398 
6/26/2019 3:34 AM 192.88 1.26 0.00021 0.41072 
6/26/2019 3:35 AM 162.38 1.26 0.00017 0.34578 







6/26/2019 3:36 AM 95.03 1.26 0.00010 0.20237 
6/26/2019 3:37 AM 148.74 1.26 0.00016 0.31674 
6/26/2019 3:38 AM 165.71 1.26 0.00018 0.35286 
6/26/2019 3:39 AM 72.69 1.26 0.00008 0.15479 
6/26/2019 3:40 AM 85.28 1.26 0.00009 0.18160 
6/26/2019 3:41 AM 99.61 1.26 0.00011 0.21210 
6/26/2019 3:42 AM 108.98 1.26 0.00012 0.23207 
6/26/2019 3:43 AM 135.21 1.26 0.00014 0.28792 
6/26/2019 3:44 AM 103.13 1.26 0.00011 0.21961 
6/26/2019 3:45 AM 171.57 1.26 0.00018 0.36535 
6/26/2019 3:46 AM 118.39 1.26 0.00013 0.25209 
6/26/2019 3:47 AM 134.93 1.26 0.00014 0.28731 
6/26/2019 3:48 AM 126.67 1.26 0.00013 0.26974 
6/26/2019 3:49 AM 130.55 1.26 0.00014 0.27800 
6/26/2019 3:50 AM 132.15 1.26 0.00014 0.28141 
6/26/2019 3:51 AM 335.08 1.26 0.00036 0.71351 
6/26/2019 3:52 AM 492.34 1.26 0.00052 1.04839 
6/26/2019 3:53 AM 615.56 1.26 0.00065 1.31078 
6/26/2019 3:54 AM 563.56 7.65 0.00364 7.28595 
6/26/2019 3:55 AM 415.19 7.65 0.00268 5.36779 
6/26/2019 3:56 AM 371.72 7.65 0.00240 4.80572 
6/26/2019 3:57 AM 233.02 7.65 0.00150 3.01264 
6/26/2019 3:58 AM 184.66 7.65 0.00119 2.38744 
6/26/2019 3:59 AM 161.21 7.65 0.00104 2.08417 
6/26/2019 4:00 AM 165.14 7.65 0.00107 2.13501 
6/26/2019 4:01 AM 124.26 7.65 0.00080 1.60649 
6/26/2019 4:02 AM 138.50 7.65 0.00089 1.79055 
6/26/2019 4:03 AM 122.59 7.65 0.00079 1.58493 
6/26/2019 4:04 AM 124.97 7.65 0.00081 1.61564 
6/26/2019 4:05 AM 92.67 7.65 0.00060 1.19811 
6/26/2019 4:06 AM 89.28 7.65 0.00058 1.15428 
6/26/2019 4:07 AM 73.67 7.65 0.00048 0.95238 
6/26/2019 4:08 AM 71.01 7.65 0.00046 0.91799 
6/26/2019 4:09 AM 68.56 7.65 0.00044 0.88641 
6/26/2019 4:10 AM 102.32 7.65 0.00066 1.32285 
6/26/2019 4:11 AM 112.65 7.65 0.00073 1.45639 
6/26/2019 4:12 AM 69.21 7.65 0.00045 0.89483 
6/26/2019 4:13 AM 73.35 7.65 0.00047 0.94833 
6/26/2019 4:14 AM 92.20 7.65 0.00060 1.19201 
6/26/2019 4:15 AM 87.27 7.65 0.00056 1.12822 
6/26/2019 4:16 AM 101.12 7.65 0.00065 1.30729 
6/26/2019 4:17 AM 63.58 7.65 0.00041 0.82198 
6/26/2019 4:18 AM 80.90 7.65 0.00052 1.04591 
6/26/2019 4:19 AM 65.87 7.65 0.00043 0.85156 
6/26/2019 4:20 AM 56.67 7.65 0.00037 0.73271 
6/26/2019 4:21 AM 101.13 7.65 0.00065 1.30740 
6/26/2019 4:22 AM 140.39 7.65 0.00091 1.81506 







6/26/2019 4:23 AM 195.21 7.65 0.00126 2.52382 
6/26/2019 4:24 AM 106.61 7.65 0.00069 1.37827 
6/26/2019 4:25 AM 142.53 7.65 0.00092 1.84265 
6/26/2019 4:26 AM 135.44 7.65 0.00087 1.75098 
6/26/2019 4:27 AM 150.12 7.65 0.00097 1.94081 
6/26/2019 4:28 AM 101.39 7.65 0.00065 1.31085 
6/26/2019 4:29 AM 64.36 7.65 0.00042 0.83210 
6/26/2019 4:30 AM 49.78 7.65 0.00032 0.64359 
6/26/2019 4:31 AM 101.42 7.65 0.00065 1.31115 
6/26/2019 4:32 AM 40.87 7.65 0.00026 0.52844 
6/26/2019 4:33 AM 69.61 7.65 0.00045 0.89992 
6/26/2019 4:34 AM 74.68 7.65 0.00048 0.96547 
6/26/2019 4:35 AM 56.31 7.65 0.00036 0.72796 
6/26/2019 4:36 AM 99.28 7.65 0.00064 1.28354 
6/26/2019 4:37 AM 103.35 7.65 0.00067 1.33614 
6/26/2019 4:38 AM 84.88 7.65 0.00055 1.09734 
6/26/2019 4:39 AM 55.20 7.65 0.00036 0.71366 
6/26/2019 4:40 AM 65.13 7.65 0.00042 0.84200 
6/26/2019 4:41 AM 108.37 7.65 0.00070 1.40107 
6/26/2019 4:42 AM 104.22 7.65 0.00067 1.34742 
6/26/2019 4:43 AM 105.13 7.65 0.00068 1.35923 
6/26/2019 4:44 AM 69.41 7.65 0.00045 0.89733 
6/26/2019 4:45 AM 92.74 7.65 0.00060 1.19899 
6/26/2019 4:46 AM 89.54 7.65 0.00058 1.15768 
6/26/2019 4:47 AM 121.20 7.65 0.00078 1.56692 
6/26/2019 4:48 AM 100.12 7.65 0.00065 1.29438 
6/26/2019 4:49 AM 147.04 7.65 0.00095 1.90104 
6/26/2019 4:50 AM 156.20 7.65 0.00101 2.01937 
6/26/2019 4:51 AM 181.17 7.65 0.00117 2.34229 
6/26/2019 4:52 AM 127.06 7.65 0.00082 1.64268 
6/26/2019 4:53 AM 117.42 7.65 0.00076 1.51804 
6/26/2019 4:54 AM 130.80 0.86 0.00009 0.19011 
6/26/2019 4:55 AM 136.12 0.86 0.00010 0.19784 
6/26/2019 4:56 AM 87.77 0.86 0.00006 0.12757 
6/26/2019 4:57 AM 89.05 0.86 0.00006 0.12942 
6/26/2019 4:58 AM 114.27 0.86 0.00008 0.16608 
6/26/2019 4:59 AM 170.37 0.86 0.00012 0.24762 
6/26/2019 5:00 AM 79.30 0.86 0.00006 0.11526 
6/26/2019 5:01 AM 113.25 0.86 0.00008 0.16459 
6/26/2019 5:02 AM 119.63 0.86 0.00009 0.17387 
6/26/2019 5:03 AM 95.39 0.86 0.00007 0.13865 
6/26/2019 5:04 AM 148.79 0.86 0.00011 0.21625 
6/26/2019 5:05 AM 119.57 0.86 0.00009 0.17378 
6/26/2019 5:06 AM 79.83 0.86 0.00006 0.11603 
6/26/2019 5:07 AM 53.01 0.86 0.00004 0.07704 
6/26/2019 5:08 AM 44.36 0.86 0.00003 0.06448 
6/26/2019 5:09 AM 94.68 0.86 0.00007 0.13761 







6/26/2019 5:10 AM 128.89 0.86 0.00009 0.18732 
6/26/2019 5:11 AM 94.73 0.86 0.00007 0.13768 
6/26/2019 5:12 AM 90.01 0.86 0.00007 0.13082 
6/26/2019 5:13 AM 145.54 0.86 0.00011 0.21152 
6/26/2019 5:14 AM 100.62 0.86 0.00007 0.14625 
6/26/2019 5:15 AM 128.60 0.86 0.00009 0.18690 
6/26/2019 5:16 AM 139.23 0.86 0.00010 0.20236 
6/26/2019 5:17 AM 126.62 0.86 0.00009 0.18403 
6/26/2019 5:18 AM 135.36 0.86 0.00010 0.19673 
6/26/2019 5:19 AM 123.93 0.86 0.00009 0.18011 
6/26/2019 5:20 AM 49.08 0.86 0.00004 0.07133 
6/26/2019 5:21 AM 62.50 0.86 0.00005 0.09084 
6/26/2019 5:22 AM 71.85 0.86 0.00005 0.10442 
6/26/2019 5:23 AM 83.36 0.86 0.00006 0.12116 
6/26/2019 5:24 AM 83.68 0.86 0.00006 0.12162 
6/26/2019 5:25 AM 36.97 0.86 0.00003 0.05373 
6/26/2019 5:26 AM 61.22 0.86 0.00004 0.08898 
6/26/2019 5:27 AM 49.06 0.86 0.00004 0.07131 
6/26/2019 5:28 AM 46.06 0.86 0.00003 0.06695 
6/26/2019 5:29 AM 66.25 0.86 0.00005 0.09628 
6/26/2019 5:30 AM 93.59 0.86 0.00007 0.13603 
6/26/2019 5:31 AM 63.05 0.86 0.00005 0.09163 
6/26/2019 5:32 AM 87.32 0.86 0.00006 0.12691 
6/26/2019 5:33 AM 94.15 0.86 0.00007 0.13683 
6/26/2019 5:34 AM 90.41 0.86 0.00007 0.13140 
6/26/2019 5:35 AM 76.00 0.86 0.00006 0.11046 
6/26/2019 5:36 AM 77.55 0.86 0.00006 0.11271 
6/26/2019 5:37 AM 78.17 0.86 0.00006 0.11362 
6/26/2019 5:38 AM 83.66 0.86 0.00006 0.12159 
6/26/2019 5:39 AM 88.05 0.86 0.00006 0.12797 
6/26/2019 5:40 AM 85.81 0.86 0.00006 0.12471 
6/26/2019 5:41 AM 94.06 0.86 0.00007 0.13671 
6/26/2019 5:42 AM 63.11 0.86 0.00005 0.09173 
6/26/2019 5:43 AM 82.07 0.86 0.00006 0.11928 
6/26/2019 5:44 AM 49.89 0.86 0.00004 0.07251 
6/26/2019 5:45 AM 36.84 0.86 0.00003 0.05354 
6/26/2019 5:46 AM 37.83 0.86 0.00003 0.05499 
6/26/2019 5:47 AM 67.30 0.86 0.00005 0.09782 
6/26/2019 5:48 AM 66.82 0.86 0.00005 0.09712 
6/26/2019 5:49 AM 57.93 0.86 0.00004 0.08419 
6/26/2019 5:50 AM 50.74 0.86 0.00004 0.07375 
6/26/2019 5:51 AM 36.96 0.86 0.00003 0.05372 
6/26/2019 5:52 AM 53.60 0.86 0.00004 0.07790 
6/26/2019 5:53 AM 71.95 0.86 0.00005 0.10457 
6/26/2019 5:54 AM 76.07 3.46 0.00022 0.44481 
6/26/2019 5:55 AM 42.49 3.46 0.00012 0.24844 
6/26/2019 5:56 AM 55.13 3.46 0.00016 0.32235 







6/26/2019 5:57 AM 38.73 3.46 0.00011 0.22646 
6/26/2019 6:07 AM 1.67 3.46 0.00000 0.00974 
6/26/2019 6:08 AM 46.86 3.46 0.00014 0.27401 
6/26/2019 6:09 AM 2.71 3.46 0.00001 0.01583 
6/26/2019 6:10 AM 14.31 3.46 0.00004 0.08368 
6/26/2019 6:11 AM 60.80 3.46 0.00018 0.35551 
6/26/2019 6:12 AM 36.54 3.46 0.00011 0.21368 
6/26/2019 6:13 AM 10.75 3.46 0.00003 0.06288 
6/26/2019 6:14 AM 13.34 3.46 0.00004 0.07801 
6/26/2019 6:15 AM 16.66 3.46 0.00005 0.09744 
6/26/2019 6:16 AM 16.98 3.46 0.00005 0.09928 
6/26/2019 6:17 AM 24.35 3.46 0.00007 0.14240 
6/26/2019 6:18 AM 45.21 3.46 0.00013 0.26437 
6/26/2019 6:19 AM 13.13 3.46 0.00004 0.07676 
6/26/2019 6:25 AM 67.71 3.46 0.00020 0.39595 
6/26/2019 6:26 AM 103.92 3.46 0.00030 0.60766 
6/26/2019 6:27 AM 109.42 3.46 0.00032 0.63984 
6/26/2019 6:28 AM 80.47 3.46 0.00024 0.47057 
6/26/2019 6:29 AM 102.19 3.46 0.00030 0.59757 
6/26/2019 6:30 AM 55.90 3.46 0.00016 0.32687 
6/26/2019 6:31 AM 4.13 3.46 0.00001 0.02418 
6/26/2019 6:33 AM 3.07 3.46 0.00001 0.01796 
6/26/2019 6:34 AM 26.72 3.46 0.00008 0.15623 
6/26/2019 6:35 AM 20.72 3.46 0.00006 0.12113 
6/26/2019 6:50 AM 42.43 3.46 0.00012 0.24810 
6/26/2019 6:51 AM 104.96 3.46 0.00031 0.61373 
6/26/2019 6:52 AM 46.84 3.46 0.00014 0.27392 
6/26/2019 6:53 AM 147.65 3.46 0.00043 0.86334 
6/26/2019 6:54 AM 250.90 0.99 0.00021 0.41978 
6/26/2019 6:55 AM 275.22 0.99 0.00023 0.46048 
6/26/2019 6:56 AM 272.65 0.99 0.00023 0.45618 
6/26/2019 6:57 AM 249.50 0.99 0.00021 0.41744 
6/26/2019 6:58 AM 163.94 0.99 0.00014 0.27428 
6/26/2019 6:59 AM 124.03 0.99 0.00010 0.20752 
6/26/2019 7:00 AM 38.00 0.99 0.00003 0.06358 
6/26/2019 7:01 AM 42.61 0.99 0.00004 0.07129 
6/26/2019 7:02 AM 34.41 0.99 0.00003 0.05758 
6/26/2019 7:03 AM 19.36 0.99 0.00002 0.03239 
6/26/2019 7:04 AM 34.00 0.99 0.00003 0.05688 
6/26/2019 7:05 AM 20.14 0.99 0.00002 0.03370 
6/26/2019 7:06 AM 3.45 0.99 0.00000 0.00577 
6/26/2019 7:07 AM 6.32 0.99 0.00001 0.01057 
6/26/2019 7:08 AM 6.01 0.99 0.00001 0.01006 
6/26/2019 7:09 AM 10.01 0.99 0.00001 0.01675 
6/26/2019 7:10 AM 34.57 0.99 0.00003 0.05784 
6/26/2019 7:11 AM 0.43 0.99 0.00000 0.00071 
6/26/2019 7:12 AM 8.27 0.99 0.00001 0.01383 







6/26/2019 7:13 AM 30.60 0.99 0.00003 0.05120 
6/26/2019 7:14 AM 4.92 0.99 0.00000 0.00823 
6/26/2019 7:15 AM 28.42 0.99 0.00002 0.04755 
6/26/2019 7:16 AM 16.08 0.99 0.00001 0.02690 
6/26/2019 7:17 AM 14.31 0.99 0.00001 0.02395 
6/26/2019 7:18 AM 9.57 0.99 0.00001 0.01602 
6/26/2019 7:19 AM 8.81 0.99 0.00001 0.01474 
6/26/2019 7:32 AM 15.27 0.99 0.00001 0.02555 
6/26/2019 7:33 AM 0.43 0.99 0.00000 0.00071 
6/26/2019 7:34 AM 29.44 0.99 0.00002 0.04925 
6/26/2019 7:35 AM 48.64 0.99 0.00004 0.08138 
6/26/2019 7:36 AM 0.45 0.99 0.00000 0.00075 
6/26/2019 7:37 AM 17.65 0.99 0.00001 0.02953 
6/26/2019 7:38 AM 8.53 0.99 0.00001 0.01426 
6/26/2019 7:39 AM 29.15 0.99 0.00002 0.04877 
6/26/2019 7:40 AM 56.51 0.99 0.00005 0.09455 
6/26/2019 7:41 AM 10.91 0.99 0.00001 0.01826 
6/26/2019 7:46 AM 10.52 0.99 0.00001 0.01761 
6/26/2019 7:47 AM 25.81 0.99 0.00002 0.04317 
6/26/2019 7:48 AM 11.77 0.99 0.00001 0.01969 
6/26/2019 7:49 AM 37.22 0.99 0.00003 0.06227 
6/26/2019 7:50 AM 10.31 0.99 0.00001 0.01725 
6/26/2019 7:51 AM 18.37 0.99 0.00002 0.03073 
6/26/2019 7:52 AM 21.89 0.99 0.00002 0.03662 
6/26/2019 7:53 AM 13.23 0.99 0.00001 0.02213 
6/26/2019 7:54 AM 6.06 5.41 0.00003 0.05544 
6/26/2019 7:55 AM 39.75 5.41 0.00018 0.36339 
6/26/2019 7:56 AM 58.23 5.41 0.00027 0.53241 
6/26/2019 7:57 AM 65.23 5.41 0.00030 0.59635 
6/26/2019 7:58 AM 64.01 5.41 0.00029 0.58522 
6/26/2019 7:59 AM 61.47 5.41 0.00028 0.56198 
6/26/2019 8:00 AM 45.58 5.41 0.00021 0.41674 
6/26/2019 8:01 AM 13.38 5.41 0.00006 0.12229 
6/26/2019 8:02 AM 55.17 5.41 0.00025 0.50439 
6/26/2019 8:03 AM 42.77 5.41 0.00020 0.39101 
6/26/2019 8:04 AM 51.06 5.41 0.00023 0.46680 
6/26/2019 8:05 AM 82.80 5.41 0.00038 0.75704 
6/26/2019 8:06 AM 50.27 5.41 0.00023 0.45961 
6/26/2019 8:07 AM 57.90 5.41 0.00026 0.52940 
6/26/2019 8:08 AM 73.36 5.41 0.00033 0.67073 
6/26/2019 8:09 AM 102.16 5.41 0.00047 0.93403 
6/26/2019 8:10 AM 64.83 5.41 0.00030 0.59272 
6/26/2019 8:11 AM 63.56 5.41 0.00029 0.58111 
6/26/2019 8:12 AM 94.67 5.41 0.00043 0.86553 
6/26/2019 8:13 AM 72.09 5.41 0.00033 0.65914 
6/26/2019 8:14 AM 70.25 5.41 0.00032 0.64225 
6/26/2019 8:15 AM 79.87 5.41 0.00036 0.73021 







6/26/2019 8:16 AM 53.80 5.41 0.00025 0.49185 
6/26/2019 8:17 AM 93.40 5.41 0.00043 0.85393 
6/26/2019 8:18 AM 118.40 5.41 0.00054 1.08251 
6/26/2019 8:19 AM 62.91 5.41 0.00029 0.57514 
6/26/2019 8:20 AM 90.42 5.41 0.00041 0.82669 
6/26/2019 8:21 AM 129.76 5.41 0.00059 1.18637 
6/26/2019 8:22 AM 70.44 5.41 0.00032 0.64403 
6/26/2019 8:23 AM 60.30 5.41 0.00028 0.55129 
6/26/2019 8:24 AM 44.09 5.41 0.00020 0.40309 
6/26/2019 8:25 AM 66.69 5.41 0.00030 0.60977 
6/26/2019 8:26 AM 96.29 5.41 0.00044 0.88035 
6/26/2019 8:27 AM 151.67 5.41 0.00069 1.38672 
6/26/2019 8:28 AM 157.41 5.41 0.00072 1.43917 
6/26/2019 8:29 AM 208.12 5.41 0.00095 1.90281 
6/26/2019 8:30 AM 132.12 5.41 0.00060 1.20793 
6/26/2019 8:31 AM 156.47 5.41 0.00071 1.43061 
6/26/2019 8:32 AM 184.34 5.41 0.00084 1.68545 
6/26/2019 8:33 AM 103.67 5.41 0.00047 0.94782 
6/26/2019 8:34 AM 118.14 5.41 0.00054 1.08019 
6/26/2019 8:35 AM 151.63 5.41 0.00069 1.38633 
6/26/2019 8:36 AM 134.39 5.41 0.00061 1.22874 
6/26/2019 8:37 AM 211.73 5.41 0.00097 1.93583 
6/26/2019 8:38 AM 177.76 5.41 0.00081 1.62528 
6/26/2019 8:39 AM 174.22 5.41 0.00080 1.59288 
6/26/2019 8:40 AM 233.10 5.41 0.00106 2.13120 
6/26/2019 8:41 AM 247.87 5.41 0.00113 2.26623 
6/26/2019 8:42 AM 354.51 5.41 0.00162 3.24128 
6/26/2019 8:43 AM 242.09 5.41 0.00111 2.21342 
6/26/2019 8:44 AM 271.44 5.41 0.00124 2.48171 
6/26/2019 8:45 AM 225.45 5.41 0.00103 2.06129 
6/26/2019 8:46 AM 265.55 5.41 0.00121 2.42788 
6/26/2019 8:47 AM 191.18 5.41 0.00087 1.74791 
6/26/2019 8:48 AM 194.93 5.41 0.00089 1.78218 
6/26/2019 8:49 AM 292.01 5.41 0.00133 2.66981 
6/26/2019 8:50 AM 196.60 5.41 0.00090 1.79749 
6/26/2019 8:51 AM 156.30 5.41 0.00071 1.42907 
6/26/2019 8:52 AM 120.34 5.41 0.00055 1.10028 
6/26/2019 8:53 AM 106.19 5.41 0.00048 0.97085 
6/26/2019 8:54 AM 140.20 7.10 0.00084 1.68220 
6/26/2019 8:55 AM 212.06 7.10 0.00127 2.54451 
6/26/2019 8:56 AM 177.08 7.10 0.00106 2.12479 
6/26/2019 8:57 AM 181.36 7.10 0.00109 2.17617 
6/26/2019 8:58 AM 242.15 7.10 0.00145 2.90553 
6/26/2019 8:59 AM 209.65 7.10 0.00126 2.51562 
6/26/2019 9:00 AM 146.22 7.10 0.00088 1.75454 
6/26/2019 9:01 AM 144.85 7.10 0.00087 1.73801 
6/26/2019 9:02 AM 192.83 7.10 0.00116 2.31373 







6/26/2019 9:03 AM 183.50 7.10 0.00110 2.20176 
6/26/2019 9:04 AM 223.47 7.10 0.00134 2.68146 
6/26/2019 9:05 AM 217.94 7.10 0.00131 2.61510 
6/26/2019 9:06 AM 311.59 7.10 0.00187 3.73875 
6/26/2019 9:07 AM 260.11 7.10 0.00156 3.12111 
6/26/2019 9:08 AM 219.79 7.10 0.00132 2.63721 
6/26/2019 9:09 AM 230.29 7.10 0.00138 2.76323 
6/26/2019 9:10 AM 173.16 7.10 0.00104 2.07769 
6/26/2019 9:11 AM 140.27 7.10 0.00084 1.68310 
6/26/2019 9:12 AM 166.42 7.10 0.00100 1.99689 
6/26/2019 9:13 AM 115.56 7.10 0.00069 1.38657 
6/26/2019 9:14 AM 182.50 7.10 0.00109 2.18979 
6/26/2019 9:15 AM 158.34 7.10 0.00095 1.89996 
6/26/2019 9:16 AM 196.28 7.10 0.00118 2.35519 
6/26/2019 9:17 AM 180.08 7.10 0.00108 2.16076 
6/26/2019 9:18 AM 186.42 7.10 0.00112 2.23680 
6/26/2019 9:19 AM 132.78 7.10 0.00080 1.59327 
6/26/2019 9:20 AM 166.50 7.10 0.00100 1.99780 
6/26/2019 9:21 AM 185.09 7.10 0.00111 2.22093 
6/26/2019 9:22 AM 151.04 7.10 0.00091 1.81235 
6/26/2019 9:23 AM 145.33 7.10 0.00087 1.74385 
6/26/2019 9:24 AM 179.72 7.10 0.00108 2.15649 
6/26/2019 9:25 AM 154.45 7.10 0.00093 1.85324 
6/26/2019 9:26 AM 121.79 7.10 0.00073 1.46140 
6/26/2019 9:27 AM 99.49 7.10 0.00060 1.19382 
6/26/2019 9:28 AM 114.95 7.10 0.00069 1.37925 
6/26/2019 9:29 AM 108.82 7.10 0.00065 1.30578 
6/26/2019 9:30 AM 137.19 7.10 0.00082 1.64619 
6/26/2019 9:31 AM 146.47 7.10 0.00088 1.75752 
6/26/2019 9:32 AM 160.90 7.10 0.00096 1.93063 
6/26/2019 9:33 AM 182.01 7.10 0.00109 2.18397 
6/26/2019 9:34 AM 147.56 7.10 0.00088 1.77053 
6/26/2019 9:35 AM 210.81 7.10 0.00126 2.52950 
6/26/2019 9:36 AM 134.09 7.10 0.00080 1.60898 
6/26/2019 9:37 AM 181.48 7.10 0.00109 2.17762 
6/26/2019 9:38 AM 172.51 7.10 0.00103 2.06992 
6/26/2019 9:39 AM 167.94 7.10 0.00101 2.01510 
6/26/2019 9:40 AM 196.95 7.10 0.00118 2.36315 
6/26/2019 9:41 AM 249.32 7.10 0.00149 2.99163 
6/26/2019 9:42 AM 241.66 7.10 0.00145 2.89970 
6/26/2019 9:43 AM 225.39 7.10 0.00135 2.70442 
6/26/2019 9:44 AM 243.57 7.10 0.00146 2.92263 
6/26/2019 9:45 AM 290.64 7.10 0.00174 3.48735 
6/26/2019 9:46 AM 256.81 7.10 0.00154 3.08142 
6/26/2019 9:47 AM 272.58 7.10 0.00163 3.27063 
6/26/2019 9:48 AM 193.12 7.10 0.00116 2.31725 
6/26/2019 9:49 AM 167.78 7.10 0.00101 2.01325 







6/26/2019 9:50 AM 206.95 7.10 0.00124 2.48318 
6/26/2019 9:51 AM 177.19 7.10 0.00106 2.12611 
6/26/2019 9:52 AM 164.42 7.10 0.00099 1.97286 
6/26/2019 9:53 AM 178.74 7.10 0.00107 2.14476 
6/26/2019 9:54 AM 229.64 1.99 0.00039 0.77229 
6/26/2019 9:55 AM 167.98 1.99 0.00028 0.56493 
6/26/2019 9:56 AM 146.02 1.99 0.00025 0.49109 
6/26/2019 9:57 AM 204.37 1.99 0.00034 0.68732 
6/26/2019 9:58 AM 183.06 1.99 0.00031 0.61565 
6/26/2019 9:59 AM 135.62 1.99 0.00023 0.45609 


6/26/2019 10:00 AM 137.92 1.99 0.00023 0.46382 
6/26/2019 10:01 AM 211.64 1.99 0.00036 0.71175 
6/26/2019 10:02 AM 258.68 1.99 0.00043 0.86997 
6/26/2019 10:03 AM 115.93 1.99 0.00019 0.38990 
6/26/2019 10:04 AM 145.03 1.99 0.00024 0.48774 
6/26/2019 10:05 AM 184.82 1.99 0.00031 0.62157 
6/26/2019 10:06 AM 159.83 1.99 0.00027 0.53752 
6/26/2019 10:07 AM 68.73 1.99 0.00012 0.23115 
6/26/2019 10:08 AM 85.48 1.99 0.00014 0.28747 
6/26/2019 10:09 AM 77.84 1.99 0.00013 0.26177 
6/26/2019 10:10 AM 78.54 1.99 0.00013 0.26415 
6/26/2019 10:11 AM 63.91 1.99 0.00011 0.21494 
6/26/2019 10:12 AM 63.00 1.99 0.00011 0.21186 
6/26/2019 10:13 AM 92.17 1.99 0.00015 0.30998 
6/26/2019 10:14 AM 173.06 1.99 0.00029 0.58202 
6/26/2019 10:15 AM 86.35 1.99 0.00015 0.29039 
6/26/2019 10:16 AM 89.29 1.99 0.00015 0.30029 
6/26/2019 10:17 AM 58.50 1.99 0.00010 0.19674 
6/26/2019 10:18 AM 101.95 1.99 0.00017 0.34287 
6/26/2019 10:19 AM 57.88 1.99 0.00010 0.19466 
6/26/2019 10:20 AM 56.49 1.99 0.00009 0.18997 
6/26/2019 10:21 AM 42.60 1.99 0.00007 0.14327 
6/26/2019 10:22 AM 81.80 1.99 0.00014 0.27510 
6/26/2019 10:23 AM 90.35 1.99 0.00015 0.30385 
6/26/2019 10:24 AM 71.55 1.99 0.00012 0.24065 
6/26/2019 10:25 AM 62.03 1.99 0.00010 0.20860 
6/26/2019 10:26 AM 62.99 1.99 0.00011 0.21183 
6/26/2019 10:27 AM 108.33 1.99 0.00018 0.36433 
6/26/2019 10:28 AM 78.81 1.99 0.00013 0.26503 
6/26/2019 10:29 AM 73.26 1.99 0.00012 0.24639 
6/26/2019 10:30 AM 113.84 1.99 0.00019 0.38285 
6/26/2019 10:31 AM 66.35 1.99 0.00011 0.22313 
6/26/2019 10:32 AM 39.44 1.99 0.00007 0.13264 
6/26/2019 10:33 AM 62.17 1.99 0.00010 0.20908 
6/26/2019 10:34 AM 71.71 1.99 0.00012 0.24117 
6/26/2019 10:35 AM 59.36 1.99 0.00010 0.19963 
6/26/2019 10:36 AM 83.04 1.99 0.00014 0.27928 







6/26/2019 10:37 AM 37.13 1.99 0.00006 0.12486 
6/26/2019 10:38 AM 44.03 1.99 0.00007 0.14808 
6/26/2019 10:39 AM 39.49 1.99 0.00007 0.13281 
6/26/2019 10:40 AM 54.38 1.99 0.00009 0.18288 
6/26/2019 10:41 AM 49.65 1.99 0.00008 0.16697 
6/26/2019 10:42 AM 58.04 1.99 0.00010 0.19518 
6/26/2019 10:43 AM 34.80 1.99 0.00006 0.11705 
6/26/2019 11:44 AM 35.54 3.80 0.00011 0.22825 
6/26/2019 11:45 AM 42.06 3.80 0.00013 0.27010 
6/26/2019 11:46 AM 41.74 3.80 0.00013 0.26808 
6/26/2019 11:47 AM 50.14 3.80 0.00016 0.32200 
6/26/2019 11:48 AM 70.92 3.80 0.00023 0.45546 
6/26/2019 11:49 AM 80.41 3.80 0.00026 0.51639 
6/26/2019 11:50 AM 66.13 3.80 0.00021 0.42466 
6/26/2019 11:51 AM 56.91 3.80 0.00018 0.36548 
6/26/2019 11:52 AM 33.58 3.80 0.00011 0.21565 
6/26/2019 11:53 AM 25.13 3.80 0.00008 0.16136 
6/26/2019 11:54 AM 39.26 1.18 0.00004 0.07829 
6/26/2019 11:55 AM 39.50 1.18 0.00004 0.07877 
6/26/2019 11:56 AM 48.39 1.18 0.00005 0.09650 
6/26/2019 11:57 AM 94.83 1.18 0.00009 0.18910 
6/26/2019 11:58 AM 51.34 1.18 0.00005 0.10237 
6/26/2019 11:59 AM 80.80 1.18 0.00008 0.16114 
6/26/2019 12:00 PM 72.91 1.18 0.00007 0.14539 
6/26/2019 12:01 PM 60.14 1.18 0.00006 0.11993 
6/26/2019 12:02 PM 53.31 1.18 0.00005 0.10632 
6/26/2019 12:03 PM 55.76 1.18 0.00006 0.11120 
6/26/2019 12:04 PM 107.52 1.18 0.00011 0.21441 
6/26/2019 12:05 PM 102.20 1.18 0.00010 0.20382 
6/26/2019 12:06 PM 75.33 1.18 0.00008 0.15022 
6/26/2019 12:07 PM 63.27 1.18 0.00006 0.12617 
6/26/2019 12:08 PM 64.14 1.18 0.00006 0.12792 
6/26/2019 12:09 PM 60.71 1.18 0.00006 0.12107 
6/26/2019 12:10 PM 71.36 1.18 0.00007 0.14231 
6/26/2019 12:11 PM 118.46 1.18 0.00012 0.23623 
6/26/2019 12:12 PM 60.69 1.18 0.00006 0.12103 
6/26/2019 12:13 PM 54.21 1.18 0.00005 0.10811 
6/26/2019 12:14 PM 111.29 1.18 0.00011 0.22193 
6/26/2019 12:15 PM 83.68 1.18 0.00008 0.16688 
6/26/2019 12:16 PM 72.60 1.18 0.00007 0.14477 
6/26/2019 12:17 PM 104.11 1.18 0.00010 0.20761 
6/26/2019 12:18 PM 136.17 1.18 0.00014 0.27155 
6/26/2019 12:19 PM 152.03 1.18 0.00015 0.30317 
6/26/2019 12:20 PM 76.05 1.18 0.00008 0.15166 
6/26/2019 12:21 PM 71.55 1.18 0.00007 0.14269 
6/26/2019 12:22 PM 64.47 1.18 0.00006 0.12856 
6/26/2019 12:23 PM 88.15 1.18 0.00009 0.17580 







6/26/2019 12:24 PM 62.38 1.18 0.00006 0.12439 
6/26/2019 12:25 PM 78.30 1.18 0.00008 0.15615 
6/26/2019 12:26 PM 87.93 1.18 0.00009 0.17535 
6/26/2019 12:27 PM 94.69 1.18 0.00009 0.18882 
6/26/2019 12:28 PM 66.00 1.18 0.00007 0.13162 
6/26/2019 12:29 PM 63.41 1.18 0.00006 0.12645 
6/26/2019 12:30 PM 60.76 1.18 0.00006 0.12116 
6/26/2019 12:31 PM 102.55 1.18 0.00010 0.20451 
6/26/2019 12:32 PM 80.38 1.18 0.00008 0.16028 
6/26/2019 12:33 PM 104.30 1.18 0.00010 0.20800 
6/26/2019 12:34 PM 126.68 1.18 0.00013 0.25263 
6/26/2019 12:35 PM 149.44 1.18 0.00015 0.29802 
6/26/2019 12:36 PM 143.15 1.18 0.00014 0.28548 
6/26/2019 12:37 PM 135.46 1.18 0.00013 0.27013 
6/26/2019 12:38 PM 130.43 1.18 0.00013 0.26010 
6/26/2019 12:39 PM 82.56 1.18 0.00008 0.16465 
6/26/2019 12:40 PM 100.63 1.18 0.00010 0.20068 
6/26/2019 12:41 PM 100.57 1.18 0.00010 0.20056 
6/26/2019 12:42 PM 99.27 1.18 0.00010 0.19797 
6/26/2019 12:43 PM 89.29 1.18 0.00009 0.17807 
6/26/2019 12:44 PM 80.96 1.18 0.00008 0.16145 
6/26/2019 12:45 PM 73.64 1.18 0.00007 0.14686 
6/26/2019 12:46 PM 64.69 1.18 0.00006 0.12900 
6/26/2019 12:47 PM 67.65 1.18 0.00007 0.13490 
6/26/2019 12:48 PM 104.03 1.18 0.00010 0.20746 
6/26/2019 12:49 PM 73.48 1.18 0.00007 0.14654 
6/26/2019 12:50 PM 102.47 1.18 0.00010 0.20434 
6/26/2019 12:51 PM 83.02 1.18 0.00008 0.16556 
6/26/2019 12:52 PM 70.64 1.18 0.00007 0.14086 
6/26/2019 12:53 PM 70.76 1.18 0.00007 0.14112 
6/26/2019 12:54 PM 93.22 1.18 0.00009 0.18589 
6/26/2019 12:55 PM 46.62 0.45 0.00002 0.03546 
6/26/2019 12:56 PM 77.88 0.45 0.00003 0.05923 
6/26/2019 12:57 PM 61.04 0.45 0.00002 0.04642 
6/26/2019 12:58 PM 92.73 0.45 0.00004 0.07052 
6/26/2019 12:59 PM 69.96 0.45 0.00003 0.05320 
6/26/2019 1:00 PM 64.69 0.45 0.00002 0.04919 
6/26/2019 1:01 PM 49.88 0.45 0.00002 0.03793 
6/26/2019 1:02 PM 96.22 0.45 0.00004 0.07318 
6/26/2019 1:03 PM 111.93 0.45 0.00004 0.08512 
6/26/2019 1:04 PM 73.14 0.45 0.00003 0.05562 
6/26/2019 1:05 PM 74.29 0.45 0.00003 0.05650 
6/26/2019 1:06 PM 92.82 0.45 0.00004 0.07059 
6/26/2019 1:07 PM 75.39 0.45 0.00003 0.05734 
6/26/2019 1:08 PM 61.87 0.45 0.00002 0.04706 
6/26/2019 1:09 PM 60.94 0.45 0.00002 0.04635 
6/26/2019 1:10 PM 87.61 0.45 0.00003 0.06663 







6/26/2019 1:11 PM 48.40 0.45 0.00002 0.03681 
6/26/2019 1:12 PM 31.83 0.45 0.00001 0.02421 
6/26/2019 1:13 PM 30.60 0.45 0.00001 0.02327 
6/26/2019 1:14 PM 71.40 0.45 0.00003 0.05430 
6/26/2019 1:15 PM 10.73 0.45 0.00000 0.00816 
6/26/2019 1:16 PM 45.40 0.45 0.00002 0.03453 
6/26/2019 1:17 PM 75.20 0.45 0.00003 0.05719 
6/26/2019 1:18 PM 58.85 0.45 0.00002 0.04476 
6/26/2019 1:19 PM 54.00 0.45 0.00002 0.04106 
6/26/2019 1:20 PM 68.84 0.45 0.00003 0.05235 
6/26/2019 1:21 PM 64.59 0.45 0.00002 0.04912 
6/26/2019 1:22 PM 77.61 0.45 0.00003 0.05902 
6/26/2019 1:23 PM 107.55 0.45 0.00004 0.08179 
6/26/2019 1:24 PM 75.73 0.45 0.00003 0.05759 
6/26/2019 1:25 PM 45.66 0.45 0.00002 0.03472 
6/26/2019 1:26 PM 48.35 0.45 0.00002 0.03677 
6/26/2019 1:27 PM 58.87 0.45 0.00002 0.04477 
6/26/2019 1:28 PM 66.07 0.45 0.00003 0.05025 
6/26/2019 1:29 PM 31.28 0.45 0.00001 0.02379 
6/26/2019 1:30 PM 108.11 0.45 0.00004 0.08222 
6/26/2019 1:31 PM 66.41 0.45 0.00003 0.05051 
6/26/2019 1:32 PM 62.09 0.45 0.00002 0.04722 
6/26/2019 1:33 PM 95.63 0.45 0.00004 0.07273 
6/26/2019 1:34 PM 103.63 0.45 0.00004 0.07881 
6/26/2019 1:35 PM 64.23 0.45 0.00002 0.04885 
6/26/2019 1:36 PM 29.42 0.45 0.00001 0.02237 
6/26/2019 1:37 PM 67.72 0.45 0.00003 0.05150 
6/26/2019 1:38 PM 85.09 0.45 0.00003 0.06471 
6/26/2019 1:39 PM 63.68 0.45 0.00002 0.04843 
6/26/2019 1:40 PM 106.32 0.45 0.00004 0.08085 
6/26/2019 1:41 PM 52.77 0.45 0.00002 0.04013 
6/26/2019 1:42 PM 34.03 0.45 0.00001 0.02588 
6/26/2019 1:43 PM 34.18 0.45 0.00001 0.02599 
6/26/2019 1:44 PM 29.57 0.45 0.00001 0.02248 
6/26/2019 1:45 PM 18.94 0.45 0.00001 0.01440 
6/26/2019 1:46 PM 38.54 0.45 0.00001 0.02931 
6/26/2019 1:47 PM 39.88 0.45 0.00002 0.03033 
6/26/2019 1:48 PM 39.96 0.45 0.00002 0.03039 
6/26/2019 1:49 PM 42.19 0.45 0.00002 0.03209 
6/26/2019 1:50 PM 45.93 0.45 0.00002 0.03493 
6/26/2019 1:51 PM 64.79 0.45 0.00002 0.04927 
6/26/2019 1:52 PM 116.54 0.45 0.00004 0.08863 
6/26/2019 1:53 PM 83.35 0.45 0.00003 0.06339 
6/26/2019 1:54 PM 54.65 0.45 0.00002 0.04156 
6/26/2019 1:55 PM 50.13 0.45 0.00002 0.03812 
6/26/2019 1:56 PM 120.95 1.35 0.00014 0.27596 
6/26/2019 1:57 PM 95.93 1.35 0.00011 0.21887 







6/26/2019 1:58 PM 36.55 1.35 0.00004 0.08340 
6/26/2019 1:59 PM 41.23 1.35 0.00005 0.09407 
6/26/2019 2:00 PM 67.64 1.35 0.00008 0.15433 
6/26/2019 2:01 PM 84.71 1.35 0.00010 0.19326 
6/26/2019 2:02 PM 78.12 1.35 0.00009 0.17823 
6/26/2019 2:03 PM 104.74 1.35 0.00012 0.23897 
6/26/2019 2:04 PM 59.74 1.35 0.00007 0.13630 
6/26/2019 2:05 PM 35.91 1.35 0.00004 0.08193 
6/26/2019 2:06 PM 80.23 1.35 0.00009 0.18306 
6/26/2019 2:07 PM 86.59 1.35 0.00010 0.19756 
6/26/2019 2:08 PM 62.48 1.35 0.00007 0.14255 
6/26/2019 2:09 PM 72.00 1.35 0.00008 0.16426 
6/26/2019 2:10 PM 67.79 1.35 0.00008 0.15466 
6/26/2019 2:11 PM 39.93 1.35 0.00005 0.09111 
6/26/2019 2:12 PM 14.21 1.35 0.00002 0.03243 
6/26/2019 2:13 PM 29.10 1.35 0.00003 0.06639 
6/26/2019 2:14 PM 38.12 1.35 0.00004 0.08698 
6/26/2019 2:15 PM 67.96 1.35 0.00008 0.15505 
6/26/2019 2:16 PM 52.25 1.35 0.00006 0.11921 
6/26/2019 2:17 PM 61.37 1.35 0.00007 0.14002 
6/26/2019 2:18 PM 83.55 1.35 0.00010 0.19063 
6/26/2019 2:19 PM 64.40 1.35 0.00007 0.14694 
6/26/2019 2:20 PM 59.93 1.35 0.00007 0.13672 
6/26/2019 2:21 PM 63.48 1.35 0.00007 0.14483 
6/26/2019 2:22 PM 98.35 1.35 0.00011 0.22438 
6/26/2019 2:23 PM 62.64 1.35 0.00007 0.14291 
6/26/2019 2:24 PM 47.93 1.35 0.00005 0.10934 
6/26/2019 2:25 PM 63.27 1.35 0.00007 0.14436 
6/26/2019 2:26 PM 82.76 1.35 0.00009 0.18883 
6/26/2019 2:27 PM 48.47 1.35 0.00006 0.11059 
6/26/2019 2:28 PM 68.87 1.35 0.00008 0.15712 
6/26/2019 2:29 PM 36.82 1.35 0.00004 0.08401 
6/26/2019 2:30 PM 53.83 1.35 0.00006 0.12282 
6/26/2019 2:31 PM 83.76 1.35 0.00010 0.19110 
6/26/2019 2:32 PM 51.13 1.35 0.00006 0.11665 
6/26/2019 2:33 PM 38.69 1.35 0.00004 0.08828 
6/26/2019 2:34 PM 46.80 1.35 0.00005 0.10677 
6/26/2019 2:35 PM 54.08 1.35 0.00006 0.12339 
6/26/2019 2:36 PM 73.19 1.35 0.00008 0.16698 
6/26/2019 2:37 PM 69.53 1.35 0.00008 0.15864 
6/26/2019 2:38 PM 52.85 1.35 0.00006 0.12058 
6/26/2019 2:39 PM 36.57 1.35 0.00004 0.08343 
6/26/2019 2:40 PM 46.06 1.35 0.00005 0.10510 
6/26/2019 2:41 PM 58.19 1.35 0.00007 0.13275 
6/26/2019 2:42 PM 49.27 1.35 0.00006 0.11241 
6/26/2019 2:43 PM 79.53 1.35 0.00009 0.18146 
6/26/2019 2:44 PM 56.68 1.35 0.00006 0.12932 







6/26/2019 2:45 PM 65.38 1.35 0.00007 0.14916 
6/26/2019 2:46 PM 69.29 1.35 0.00008 0.15808 
6/26/2019 2:47 PM 70.93 1.35 0.00008 0.16183 
6/26/2019 2:48 PM 92.42 1.35 0.00011 0.21086 
6/26/2019 2:49 PM 104.36 1.35 0.00012 0.23809 
6/26/2019 2:50 PM 66.89 1.35 0.00008 0.15261 
6/26/2019 2:51 PM 61.23 1.35 0.00007 0.13970 
6/26/2019 2:52 PM 41.53 1.35 0.00005 0.09475 
6/26/2019 2:53 PM 25.82 1.35 0.00003 0.05890 
6/26/2019 2:54 PM 53.55 1.35 0.00006 0.12217 
6/26/2019 2:55 PM 74.98 1.35 0.00009 0.17106 
6/26/2019 2:56 PM 58.00 1.35 0.00007 0.13232 
6/26/2019 2:57 PM 28.68 14.73 0.00036 0.71402 
6/26/2019 2:58 PM 19.79 14.73 0.00025 0.49264 
6/26/2019 2:59 PM 34.84 14.73 0.00043 0.86731 
6/26/2019 3:00 PM 9.62 14.73 0.00012 0.23940 
6/26/2019 3:01 PM 11.79 14.73 0.00015 0.29345 
6/26/2019 3:02 PM 28.27 14.73 0.00035 0.70385 
6/26/2019 3:03 PM 23.23 14.73 0.00029 0.57840 
6/26/2019 3:04 PM 36.95 14.73 0.00046 0.91984 
6/26/2019 6:49 PM 19.30 15.83 0.00026 0.51629 
6/26/2019 6:50 PM 65.14 15.83 0.00087 1.74258 
6/26/2019 6:51 PM 48.01 15.83 0.00064 1.28436 
6/26/2019 6:52 PM 10.42 15.83 0.00014 0.27882 
6/26/2019 6:53 PM 39.32 15.83 0.00053 1.05185 
6/26/2019 6:54 PM 61.11 15.83 0.00082 1.63493 
6/26/2019 6:55 PM 86.33 15.83 0.00115 2.30958 
6/26/2019 6:56 PM 120.08 15.83 0.00160 3.21253 
6/26/2019 6:57 PM 46.34 15.83 0.00062 1.23978 
6/26/2019 6:58 PM 44.97 15.83 0.00060 1.20303 
6/26/2019 6:59 PM 21.13 15.83 0.00028 0.56526 
6/26/2019 7:00 PM 31.16 15.83 0.00042 0.83364 
6/26/2019 7:01 PM 10.52 15.83 0.00014 0.28148 


 
















 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident  
(August 24, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on August 24, 2019, at 
approximately 1009 hours and lasted intermittently, until August 24, 2019, at 
approximately 2124 hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 0.55 tons (~ 1,078 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
 


Response:  
 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 


consistent with minimizing the duration and emissions from the Incident.  







 


    
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 


of that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 
 Response: 


EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


  







 


vii.  To the extent that investigations of the causes and/or possible corrective 
actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, the EDR has not completed the implementation 
of all corrective actions identified in the Root Cause Analysis as described 
in Appendix B.  The completion of these corrective actions associated with 
the Root Cause Analysis will be communicated under the Paragraph 21 
portion of the EDR Semi-Annual Consent Decree Progress Report for the 
applicable period. 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(August 24, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


August 24, 2019 Time: ~ 1009 hours 


Incident End 
Date: 


August 24, 2019 Time:  ~ 2124 hours 


Investigation 
Start Date: 


August 24, 2019 
Incident 
Duration: 


510 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 1,078 tons: 0.55 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


8/24/2019 1009-2124 hours^ 510 
HP Flare (SN-822)  
LP Flare (SN-823) 


^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. David Mohler Director of Process Safety 
2. Eric Gonzalez Process Safety Manager 
3. Erin de Haas Process Engineer 
4. Wesley Shelby Inspector 


 
 
Investigation and Analysis: 
 
Sulfur dioxide (SO2) emissions occurred from both flares [High Pressure (HP) and Low Pressure 
(LP)] due to a fire in Unit 8 Diesel Hydrotreater (DHT) near the inlet to the heater convection 
section.  The DHT Unit Console Operator initiated an emergency shutdown of the unit once the 
fire was reported.  The El Dorado Refinery (EDR) Emergency Response Team was dispatched and 
fully extinguished the fire within approximately 15 minutes.  Flaring continued intermittently 
during the emergency shutdown activities. 
 
The Crude Unit tripped at approximately 0920 hours on the day of the event causing off-spec diesel 
to reach the DHT 108 feed tank, which also plugged the filters.  The plugged filters led to a DHT 
Unit shutdown due to low feed surge drum level.  Operations responded to both upsets.    







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (August 24, 2019) 
Investigation and Root Cause 
 
 
Root Causes: 
    
The Crude Unit Surge Drum Safety Instrumented Systems (SIS) level transmitters malfunctioned 
low and never regained signal.  This resulted in the Crude Unit trip, which then led to off-spec 
diesel plugging the DHT 108 feed tank filters.  The plugged filters caused the DHT feed loss and 
subsequent unit upset.   
 
 
Recommendation(s) to prevent incident reoccurrence: 
 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Proposed 
Completion Date 


Install dP transmitter on feed 
filter from 108 Tank that 
reads back to the Distributed 
Control System (DCS).   


Erin de Haas Process 
Engineer 


8/24/2019 1/31/2020 


Review Crude/DHT alarms 
that are not enabled and 
evaluate for setting, 
rationalization, prioritization 
and activate on Crude/DHT 
console. 


Erin de Hass Process 
Engineer 


8/24/2019 1/31/2020 


Review 
technology/manufacturer of 
SIS transmitters for Crude 
Surge Drum level. 


Shane Elmore 
Process 
Control 


Specialist 
8/24/2019 1/31/2020 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(August 24, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


High Pressure (HP) Flare (SN-822) 0.05 


Low Pressure (LP) Flare (SN-823) 0.5 


Event (Total) ~ 0.55 


Average SO2 
Emission Rate 


(lb/hr) 


HP Flare (SN-822) 87.6 


LP Flare (SN-823) 133.3 


Event (Total) 220.9 


 
 
The data that contributes to the population of the event overview table shown above is as follows 
for the HP Flare (SN-822) and LP Flare (SN-823), respectively. 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


8/24/2019 12:35 PM 22.26 0.08 0.00000 0.00301 
8/24/2019 12:36 PM 651.22 0.08 0.00004 0.08805 
8/24/2019 12:37 PM 366.75 0.08 0.00002 0.04958 
8/24/2019 12:38 PM 402.14 0.08 0.00003 0.05437 
8/24/2019 12:39 PM 135.74 0.08 0.00001 0.01835 
8/24/2019 2:17 PM 950.34 0.02 0.00002 0.03212 
8/24/2019 2:18 PM 4521.79 0.02 0.00008 0.15284 
8/24/2019 2:19 PM 3989.03 0.02 0.00007 0.13483 
8/24/2019 2:20 PM 3602.56 0.02 0.00006 0.12177 
8/24/2019 2:21 PM 3542.00 0.02 0.00006 0.11972 
8/24/2019 2:22 PM 3301.78 0.02 0.00006 0.11160 
8/24/2019 2:23 PM 3261.08 0.02 0.00006 0.11022 
8/24/2019 2:24 PM 2971.36 0.02 0.00005 0.10043 
8/24/2019 2:25 PM 2718.86 0.02 0.00005 0.09190 
8/24/2019 2:26 PM 2574.59 0.02 0.00004 0.08702 
8/24/2019 2:27 PM 2006.23 0.02 0.00003 0.06781 







8/24/2019 2:28 PM 1556.44 0.02 0.00003 0.05261 
8/24/2019 2:29 PM 1110.67 0.02 0.00002 0.03754 
8/24/2019 2:30 PM 837.96 0.02 0.00001 0.02832 
8/24/2019 2:31 PM 565.86 0.02 0.00001 0.01913 
8/24/2019 2:32 PM 285.93 0.02 0.00000 0.00966 
8/24/2019 2:33 PM 57.78 0.02 0.00000 0.00195 
8/24/2019 3:28 PM 38.27 1.30 0.00004 0.08407 
8/24/2019 3:29 PM 773.90 1.30 0.00085 1.70026 
8/24/2019 3:30 PM 952.33 1.30 0.00104 2.09226 
8/24/2019 3:31 PM 895.90 1.30 0.00098 1.96829 
8/24/2019 3:32 PM 929.40 1.30 0.00102 2.04189 
8/24/2019 3:33 PM 856.04 1.30 0.00094 1.88072 
8/24/2019 3:34 PM 958.24 1.30 0.00105 2.10526 
8/24/2019 3:35 PM 848.24 1.30 0.00093 1.86358 
8/24/2019 3:36 PM 793.60 1.30 0.00087 1.74355 
8/24/2019 3:37 PM 1157.96 1.30 0.00127 2.54405 
8/24/2019 3:38 PM 1108.57 1.30 0.00122 2.43553 
8/24/2019 3:39 PM 1408.49 1.30 0.00155 3.09446 
8/24/2019 3:40 PM 1872.42 1.30 0.00205 4.11372 
8/24/2019 3:41 PM 1671.84 1.30 0.00183 3.67303 
8/24/2019 3:42 PM 1392.37 1.30 0.00153 3.05903 
8/24/2019 3:43 PM 717.78 1.30 0.00079 1.57695 
8/24/2019 3:44 PM 80.75 1.30 0.00009 0.17741 
8/24/2019 3:47 PM 47.63 1.30 0.00005 0.10464 
8/24/2019 3:48 PM 277.32 1.30 0.00030 0.60928 
8/24/2019 3:49 PM 386.65 1.30 0.00042 0.84948 
8/24/2019 3:50 PM 356.55 1.30 0.00039 0.78334 
8/24/2019 3:51 PM 268.27 1.30 0.00029 0.58940 
8/24/2019 3:52 PM 293.89 1.30 0.00032 0.64567 
8/24/2019 3:53 PM 83.47 1.30 0.00009 0.18339 
8/24/2019 4:00 PM 4.94 1.30 0.00001 0.01085 
8/24/2019 4:01 PM 1011.96 1.30 0.00111 2.22328 
8/24/2019 4:02 PM 1541.29 1.30 0.00169 3.38620 
8/24/2019 4:03 PM 1195.59 1.30 0.00131 2.62672 
8/24/2019 4:04 PM 1509.47 1.30 0.00166 3.31631 
8/24/2019 4:05 PM 1597.12 1.30 0.00175 3.50887 
8/24/2019 4:06 PM 1711.91 1.30 0.00188 3.76106 
8/24/2019 4:07 PM 1359.63 1.30 0.00149 2.98711 
8/24/2019 4:08 PM 1351.25 1.30 0.00148 2.96870 
8/24/2019 4:09 PM 1402.54 1.30 0.00154 3.08138 
8/24/2019 4:10 PM 1222.00 1.30 0.00134 2.68474 
8/24/2019 4:11 PM 1125.72 1.30 0.00124 2.47320 
8/24/2019 4:12 PM 1138.30 1.30 0.00125 2.50085 
8/24/2019 4:13 PM 1114.96 1.30 0.00122 2.44957 
8/24/2019 4:14 PM 1059.26 1.30 0.00116 2.32719 
8/24/2019 4:15 PM 1286.51 1.30 0.00141 2.82647 
8/24/2019 4:16 PM 1514.68 1.30 0.00166 3.32775 







8/24/2019 4:17 PM 1310.21 1.30 0.00144 2.87853 
8/24/2019 4:18 PM 1119.52 1.30 0.00123 2.45959 
8/24/2019 4:19 PM 965.09 1.30 0.00106 2.12031 
8/24/2019 4:20 PM 1080.72 1.30 0.00119 2.37435 
8/24/2019 4:21 PM 731.04 1.30 0.00080 1.60610 


 
 
 


Low Pressure Flare (SN-823) 


Date/Time 
Flare Volumetric 


Flow 
H2S 


Content 
Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


8/24/2019 10:09 AM 388.67 10.65 0.00349 6.99554 
8/24/2019 10:10 AM 817.51 10.65 0.00735 14.71397 
8/24/2019 10:11 AM 1020.59 10.65 0.00917 18.36916 


8/24/2019 10:12 AM 519.16 10.65 0.00467 9.34402 
8/24/2019 10:13 AM 345.84 10.65 0.00311 6.22467 
8/24/2019 12:01 PM 16.21 13.16 0.00018 0.36053 
8/24/2019 12:02 PM 45.86 13.16 0.00051 1.01984 
8/24/2019 12:03 PM 61.73 13.16 0.00069 1.37294 
8/24/2019 12:04 PM 68.67 13.16 0.00076 1.52731 
8/24/2019 12:05 PM 76.83 13.16 0.00085 1.70867 
8/24/2019 12:06 PM 89.92 13.16 0.00100 1.99993 
8/24/2019 12:07 PM 43.82 13.16 0.00049 0.97453 
8/24/2019 12:08 PM 49.05 13.16 0.00054 1.09089 
8/24/2019 12:09 PM 63.35 13.16 0.00070 1.40897 
8/24/2019 12:10 PM 86.31 13.16 0.00096 1.91964 
8/24/2019 12:11 PM 92.05 13.16 0.00102 2.04714 
8/24/2019 12:12 PM 175.47 13.16 0.00195 3.90258 
8/24/2019 12:13 PM 107.29 13.16 0.00119 2.38611 
8/24/2019 12:14 PM 71.47 13.16 0.00079 1.58951 
8/24/2019 12:15 PM 39.60 13.16 0.00044 0.88066 
8/24/2019 12:16 PM 70.41 13.16 0.00078 1.56599 
8/24/2019 12:17 PM 46.62 13.16 0.00052 1.03676 
8/24/2019 12:18 PM 88.26 13.16 0.00098 1.96302 
8/24/2019 12:19 PM 82.96 13.16 0.00092 1.84504 
8/24/2019 12:20 PM 70.76 13.16 0.00079 1.57366 
8/24/2019 12:21 PM 47.05 13.16 0.00052 1.04646 
8/24/2019 12:22 PM 64.13 13.16 0.00071 1.42638 
8/24/2019 12:23 PM 76.22 13.16 0.00085 1.69517 
8/24/2019 12:24 PM 69.01 13.16 0.00077 1.53476 
8/24/2019 12:25 PM 94.46 13.16 0.00105 2.10086 
8/24/2019 12:26 PM 84.71 13.16 0.00094 1.88405 
8/24/2019 12:27 PM 94.03 13.16 0.00104 2.09122 







8/24/2019 12:28 PM 115.25 13.16 0.00128 2.56318 
8/24/2019 12:29 PM 142.96 13.16 0.00159 3.17942 
8/24/2019 12:30 PM 98.74 13.16 0.00110 2.19597 
8/24/2019 12:31 PM 137.81 13.16 0.00153 3.06491 
8/24/2019 12:32 PM 136.13 13.16 0.00151 3.02755 
8/24/2019 12:33 PM 128.64 13.16 0.00143 2.86108 
8/24/2019 12:34 PM 210.33 13.16 0.00234 4.67791 
8/24/2019 12:35 PM 184.48 13.16 0.00205 4.10294 
8/24/2019 12:36 PM 153.38 13.16 0.00170 3.41124 
8/24/2019 12:37 PM 145.39 13.16 0.00161 3.23344 
8/24/2019 12:38 PM 163.96 13.16 0.00182 3.64652 
8/24/2019 12:39 PM 205.63 13.16 0.00228 4.57325 
8/24/2019 12:40 PM 157.01 13.16 0.00174 3.49194 
8/24/2019 12:41 PM 116.04 13.16 0.00129 2.58074 
8/24/2019 12:42 PM 125.86 13.16 0.00140 2.79928 
8/24/2019 12:43 PM 233.69 13.16 0.00260 5.19730 
8/24/2019 12:44 PM 162.94 13.16 0.00181 3.62384 
8/24/2019 12:45 PM 143.91 13.16 0.00160 3.20062 
8/24/2019 12:46 PM 211.04 13.16 0.00234 4.69369 
8/24/2019 12:47 PM 157.07 13.16 0.00174 3.49322 
8/24/2019 12:48 PM 116.19 13.16 0.00129 2.58411 
8/24/2019 12:49 PM 106.69 13.16 0.00119 2.37284 
8/24/2019 12:50 PM 67.11 13.16 0.00075 1.49266 
8/24/2019 12:51 PM 99.26 13.16 0.00110 2.20750 
8/24/2019 12:52 PM 99.33 13.16 0.00110 2.20903 
8/24/2019 12:53 PM 94.11 13.16 0.00105 2.09315 
8/24/2019 12:54 PM 56.09 13.16 0.00062 1.24752 
8/24/2019 12:55 PM 51.61 13.16 0.00057 1.14791 
8/24/2019 12:56 PM 43.22 13.16 0.00048 0.96118 
8/24/2019 12:57 PM 54.06 13.16 0.00060 1.20222 
8/24/2019 12:58 PM 57.78 13.16 0.00064 1.28503 
8/24/2019 12:59 PM 95.94 13.16 0.00107 2.13381 
8/24/2019 1:00 PM 68.86 13.16 0.00076 1.53145 
8/24/2019 1:01 PM 30.60 13.16 0.00034 0.68056 
8/24/2019 1:02 PM 6.95 11.55 0.00007 0.13563 
8/24/2019 1:59 PM 17.58 11.55 0.00017 0.34310 
8/24/2019 2:00 PM 85.31 11.55 0.00083 1.66512 
8/24/2019 2:01 PM 63.17 11.55 0.00062 1.23308 
8/24/2019 2:02 PM 76.25 5.05 0.00032 0.65073 
8/24/2019 2:03 PM 57.14 5.05 0.00024 0.48765 
8/24/2019 2:04 PM 57.05 5.05 0.00024 0.48687 
8/24/2019 2:05 PM 104.69 5.05 0.00045 0.89345 
8/24/2019 2:06 PM 154.87 5.05 0.00066 1.32178 
8/24/2019 2:07 PM 101.69 5.05 0.00043 0.86791 
8/24/2019 2:08 PM 129.87 5.05 0.00055 1.10836 
8/24/2019 2:09 PM 151.47 5.05 0.00065 1.29273 
8/24/2019 2:10 PM 170.51 5.05 0.00073 1.45525 







8/24/2019 2:11 PM 627.25 5.05 0.00267 5.35329 
8/24/2019 2:12 PM 771.49 5.05 0.00329 6.58424 
8/24/2019 2:13 PM 419.80 5.05 0.00179 3.58278 
8/24/2019 2:14 PM 390.82 5.05 0.00167 3.33541 
8/24/2019 2:15 PM 175.95 5.05 0.00075 1.50161 
8/24/2019 2:16 PM 177.94 5.05 0.00076 1.51865 
8/24/2019 2:17 PM 164.81 5.05 0.00070 1.40661 
8/24/2019 2:18 PM 205.19 5.05 0.00087 1.75120 
8/24/2019 2:19 PM 200.94 5.05 0.00086 1.71495 
8/24/2019 2:20 PM 220.71 5.05 0.00094 1.88367 
8/24/2019 2:21 PM 246.69 5.05 0.00105 2.10542 
8/24/2019 2:22 PM 319.99 5.05 0.00136 2.73092 
8/24/2019 2:23 PM 208.24 5.05 0.00089 1.77727 
8/24/2019 2:24 PM 298.24 5.05 0.00127 2.54534 
8/24/2019 2:25 PM 172.29 5.05 0.00073 1.47041 
8/24/2019 2:26 PM 200.77 5.05 0.00086 1.71350 
8/24/2019 2:27 PM 272.29 5.05 0.00116 2.32389 
8/24/2019 2:28 PM 239.54 5.05 0.00102 2.04435 
8/24/2019 2:29 PM 216.20 5.05 0.00092 1.84517 
8/24/2019 2:30 PM 786.37 5.05 0.00335 6.71126 
8/24/2019 2:31 PM 1090.91 5.05 0.00465 9.31037 
8/24/2019 2:32 PM 347.03 5.05 0.00148 2.96171 
8/24/2019 2:33 PM 305.78 5.05 0.00130 2.60965 
8/24/2019 2:34 PM 278.24 5.05 0.00119 2.37467 
8/24/2019 2:35 PM 323.17 5.05 0.00138 2.75807 
8/24/2019 2:36 PM 487.86 5.05 0.00208 4.16365 
8/24/2019 2:37 PM 557.97 5.05 0.00238 4.76201 
8/24/2019 2:38 PM 706.48 5.05 0.00301 6.02948 
8/24/2019 2:39 PM 778.63 5.05 0.00332 6.64520 
8/24/2019 2:40 PM 752.45 5.05 0.00321 6.42177 
8/24/2019 2:41 PM 493.10 5.05 0.00210 4.20840 
8/24/2019 2:42 PM 278.22 5.05 0.00119 2.37443 
8/24/2019 2:43 PM 277.15 5.05 0.00118 2.36536 
8/24/2019 2:44 PM 344.03 5.05 0.00147 2.93609 
8/24/2019 2:45 PM 276.88 5.05 0.00118 2.36305 
8/24/2019 2:46 PM 268.02 5.05 0.00114 2.28746 
8/24/2019 2:47 PM 306.12 5.05 0.00130 2.61257 
8/24/2019 2:48 PM 249.38 5.05 0.00106 2.12834 
8/24/2019 2:49 PM 226.46 5.05 0.00097 1.93273 
8/24/2019 2:50 PM 260.64 5.05 0.00111 2.22444 
8/24/2019 2:51 PM 320.57 5.05 0.00137 2.73587 
8/24/2019 2:52 PM 320.85 5.05 0.00137 2.73826 
8/24/2019 2:53 PM 379.84 5.05 0.00162 3.24177 
8/24/2019 2:54 PM 286.47 5.05 0.00122 2.44487 
8/24/2019 2:55 PM 377.05 5.05 0.00161 3.21789 
8/24/2019 2:56 PM 338.82 5.05 0.00144 2.89166 
8/24/2019 2:57 PM 308.24 5.05 0.00131 2.63068 







8/24/2019 2:58 PM 363.81 5.05 0.00155 3.10496 
8/24/2019 2:59 PM 350.71 5.05 0.00149 2.99314 
8/24/2019 3:00 PM 285.17 5.05 0.00122 2.43378 
8/24/2019 3:01 PM 312.24 5.05 0.00133 2.66480 
8/24/2019 3:02 PM 307.58 12.40 0.00322 6.44573 
8/24/2019 3:03 PM 282.25 12.40 0.00295 5.91490 
8/24/2019 3:04 PM 282.05 12.40 0.00295 5.91058 
8/24/2019 3:05 PM 296.41 12.40 0.00310 6.21157 
8/24/2019 3:06 PM 230.43 12.40 0.00241 4.82890 
8/24/2019 3:07 PM 215.21 12.40 0.00225 4.50995 
8/24/2019 3:08 PM 235.36 12.40 0.00246 4.93211 
8/24/2019 3:09 PM 268.64 12.40 0.00281 5.62965 
8/24/2019 3:10 PM 231.07 12.40 0.00242 4.84239 
8/24/2019 3:11 PM 221.87 12.40 0.00232 4.64953 
8/24/2019 3:12 PM 237.90 12.40 0.00249 4.98535 
8/24/2019 3:13 PM 219.54 12.40 0.00230 4.60066 
8/24/2019 3:14 PM 249.03 12.40 0.00261 5.21862 
8/24/2019 3:15 PM 268.42 12.40 0.00281 5.62509 
8/24/2019 3:16 PM 301.12 12.40 0.00315 6.31031 
8/24/2019 3:17 PM 312.38 12.40 0.00327 6.54617 
8/24/2019 3:18 PM 239.71 12.40 0.00251 5.02328 
8/24/2019 3:19 PM 196.78 12.40 0.00206 4.12369 
8/24/2019 3:20 PM 200.29 12.40 0.00210 4.19736 
8/24/2019 3:21 PM 209.94 12.40 0.00220 4.39943 
8/24/2019 3:22 PM 210.03 12.40 0.00220 4.40147 
8/24/2019 3:23 PM 223.30 12.40 0.00234 4.67943 
8/24/2019 3:24 PM 213.80 12.40 0.00224 4.48033 
8/24/2019 3:25 PM 240.33 12.40 0.00252 5.03642 
8/24/2019 3:26 PM 239.35 12.40 0.00250 5.01587 
8/24/2019 3:27 PM 238.79 12.40 0.00250 5.00417 
8/24/2019 3:28 PM 227.22 12.40 0.00238 4.76168 
8/24/2019 3:29 PM 215.20 12.40 0.00225 4.50977 
8/24/2019 3:30 PM 199.81 12.40 0.00209 4.18716 
8/24/2019 3:31 PM 183.84 12.40 0.00192 3.85247 
8/24/2019 3:32 PM 187.45 12.40 0.00196 3.92818 
8/24/2019 3:33 PM 218.58 12.40 0.00229 4.58066 
8/24/2019 3:34 PM 186.41 12.40 0.00195 3.90637 
8/24/2019 3:35 PM 180.17 12.40 0.00189 3.77574 
8/24/2019 3:36 PM 169.85 12.40 0.00178 3.55941 
8/24/2019 3:37 PM 176.93 12.40 0.00185 3.70782 
8/24/2019 3:38 PM 154.62 12.40 0.00162 3.24024 
8/24/2019 3:39 PM 138.53 12.40 0.00145 2.90302 
8/24/2019 3:40 PM 221.59 12.40 0.00232 4.64363 
8/24/2019 3:41 PM 169.72 12.40 0.00178 3.55660 
8/24/2019 3:42 PM 180.69 12.40 0.00189 3.78658 
8/24/2019 3:43 PM 233.42 12.40 0.00244 4.89155 
8/24/2019 3:44 PM 208.57 12.40 0.00218 4.37078 







8/24/2019 3:45 PM 143.62 12.40 0.00150 3.00978 
8/24/2019 3:46 PM 174.34 12.40 0.00182 3.65343 
8/24/2019 3:47 PM 231.56 12.40 0.00242 4.85253 
8/24/2019 3:48 PM 175.67 12.40 0.00184 3.68132 
8/24/2019 3:49 PM 159.26 12.40 0.00167 3.33746 
8/24/2019 3:50 PM 175.95 12.40 0.00184 3.68715 
8/24/2019 3:51 PM 211.11 12.40 0.00221 4.42396 
8/24/2019 3:52 PM 207.80 12.40 0.00217 4.35470 
8/24/2019 3:53 PM 179.38 12.40 0.00188 3.75907 
8/24/2019 3:54 PM 187.35 12.40 0.00196 3.92618 
8/24/2019 3:55 PM 165.59 12.40 0.00173 3.47009 
8/24/2019 3:56 PM 191.33 12.40 0.00200 4.00942 
8/24/2019 3:57 PM 223.54 12.40 0.00234 4.68457 
8/24/2019 3:58 PM 202.01 12.40 0.00211 4.23341 
8/24/2019 3:59 PM 179.33 12.40 0.00188 3.75809 
8/24/2019 4:00 PM 181.52 12.40 0.00190 3.80400 
8/24/2019 4:01 PM 220.93 12.40 0.00231 4.62978 
8/24/2019 4:02 PM 193.70 10.99 0.00180 3.59770 
8/24/2019 4:03 PM 162.05 10.99 0.00150 3.00981 
8/24/2019 4:04 PM 138.94 10.99 0.00129 2.58054 
8/24/2019 4:05 PM 179.95 10.99 0.00167 3.34219 
8/24/2019 4:06 PM 139.58 10.99 0.00129 2.59245 
8/24/2019 4:07 PM 161.07 10.99 0.00149 2.99152 
8/24/2019 4:08 PM 195.86 10.99 0.00182 3.63780 
8/24/2019 4:09 PM 212.27 10.99 0.00197 3.94248 
8/24/2019 4:10 PM 154.93 10.99 0.00144 2.87761 
8/24/2019 4:11 PM 173.56 10.99 0.00161 3.22359 
8/24/2019 4:12 PM 172.78 10.99 0.00160 3.20911 
8/24/2019 4:13 PM 178.37 10.99 0.00165 3.31286 
8/24/2019 4:14 PM 189.78 10.99 0.00176 3.52483 
8/24/2019 4:15 PM 146.07 10.99 0.00135 2.71289 
8/24/2019 4:16 PM 171.26 10.99 0.00159 3.18081 
8/24/2019 4:17 PM 170.54 10.99 0.00158 3.16744 
8/24/2019 4:18 PM 253.65 10.99 0.00235 4.71105 
8/24/2019 4:19 PM 339.70 10.99 0.00315 6.30922 
8/24/2019 4:20 PM 540.50 10.99 0.00501 10.03883 
8/24/2019 4:21 PM 327.47 10.99 0.00304 6.08219 
8/24/2019 4:22 PM 198.72 10.99 0.00184 3.69091 
8/24/2019 4:23 PM 299.56 10.99 0.00278 5.56381 
8/24/2019 4:24 PM 204.11 10.99 0.00189 3.79099 
8/24/2019 4:25 PM 200.78 10.99 0.00186 3.72909 
8/24/2019 4:26 PM 315.74 10.99 0.00293 5.86424 
8/24/2019 4:27 PM 149.02 10.99 0.00138 2.76785 
8/24/2019 4:28 PM 242.92 10.99 0.00225 4.51176 
8/24/2019 4:29 PM 135.73 10.99 0.00126 2.52087 
8/24/2019 4:30 PM 347.77 10.99 0.00323 6.45918 
8/24/2019 4:31 PM 196.38 10.99 0.00182 3.64731 







8/24/2019 4:32 PM 466.11 10.99 0.00432 8.65707 
8/24/2019 4:33 PM 218.25 10.99 0.00202 4.05352 
8/24/2019 4:34 PM 132.86 10.99 0.00123 2.46756 
8/24/2019 4:35 PM 159.80 10.99 0.00148 2.96789 
8/24/2019 4:36 PM 92.10 10.99 0.00085 1.71054 
8/24/2019 4:37 PM 166.70 10.99 0.00155 3.09608 
8/24/2019 4:38 PM 94.94 10.99 0.00088 1.76327 
8/24/2019 4:39 PM 112.61 10.99 0.00104 2.09154 
8/24/2019 4:40 PM 153.36 10.99 0.00142 2.84843 
8/24/2019 4:41 PM 89.87 10.99 0.00083 1.66914 
8/24/2019 4:42 PM 111.03 10.99 0.00103 2.06214 
8/24/2019 4:43 PM 85.55 10.99 0.00079 1.58884 
8/24/2019 4:44 PM 158.34 10.99 0.00147 2.94095 
8/24/2019 4:45 PM 119.74 10.99 0.00111 2.22395 
8/24/2019 4:46 PM 129.61 10.99 0.00120 2.40729 
8/24/2019 4:47 PM 141.92 10.99 0.00132 2.63599 
8/24/2019 4:48 PM 77.17 10.99 0.00072 1.43325 
8/24/2019 4:49 PM 122.19 10.99 0.00113 2.26944 
8/24/2019 4:50 PM 142.62 10.99 0.00132 2.64898 
8/24/2019 4:51 PM 142.06 10.99 0.00132 2.63854 
8/24/2019 4:52 PM 162.90 10.99 0.00151 3.02555 
8/24/2019 4:53 PM 170.23 10.99 0.00158 3.16163 
8/24/2019 4:54 PM 143.78 10.99 0.00133 2.67051 
8/24/2019 4:55 PM 144.23 10.99 0.00134 2.67878 
8/24/2019 4:56 PM 85.83 10.99 0.00080 1.59418 
8/24/2019 4:57 PM 88.65 10.99 0.00082 1.64647 
8/24/2019 4:58 PM 112.08 10.99 0.00104 2.08176 
8/24/2019 4:59 PM 156.27 10.99 0.00145 2.90243 
8/24/2019 5:00 PM 243.41 10.99 0.00226 4.52083 
8/24/2019 5:01 PM 188.68 10.99 0.00175 3.50441 
8/24/2019 5:02 PM 178.88 3.80 0.00057 1.14879 
8/24/2019 5:03 PM 133.58 3.80 0.00043 0.85783 
8/24/2019 5:04 PM 105.16 3.80 0.00034 0.67531 
8/24/2019 5:05 PM 145.97 3.80 0.00047 0.93742 
8/24/2019 5:06 PM 210.35 3.80 0.00067 1.35087 
8/24/2019 5:07 PM 180.46 3.80 0.00058 1.15889 
8/24/2019 5:08 PM 182.93 3.80 0.00059 1.17479 
8/24/2019 5:09 PM 235.85 3.80 0.00076 1.51465 
8/24/2019 5:10 PM 140.12 3.80 0.00045 0.89985 
8/24/2019 5:11 PM 156.84 3.80 0.00050 1.00722 
8/24/2019 5:12 PM 191.01 3.80 0.00061 1.22670 
8/24/2019 5:13 PM 145.09 3.80 0.00047 0.93176 
8/24/2019 5:14 PM 140.74 3.80 0.00045 0.90381 
8/24/2019 5:15 PM 93.33 3.80 0.00030 0.59937 
8/24/2019 5:16 PM 112.79 3.80 0.00036 0.72433 
8/24/2019 5:17 PM 156.39 3.80 0.00050 1.00431 
8/24/2019 5:18 PM 142.40 3.80 0.00046 0.91448 







8/24/2019 5:19 PM 125.72 3.80 0.00040 0.80740 
8/24/2019 5:20 PM 201.14 3.80 0.00065 1.29175 
8/24/2019 5:21 PM 193.72 3.80 0.00062 1.24406 
8/24/2019 5:22 PM 134.07 3.80 0.00043 0.86102 
8/24/2019 5:23 PM 63.71 3.80 0.00020 0.40915 
8/24/2019 5:24 PM 73.94 3.80 0.00024 0.47487 
8/24/2019 5:25 PM 101.21 3.80 0.00032 0.65000 
8/24/2019 5:26 PM 150.54 3.80 0.00048 0.96677 
8/24/2019 5:27 PM 74.92 3.80 0.00024 0.48117 
8/24/2019 5:28 PM 113.95 3.80 0.00037 0.73177 
8/24/2019 5:29 PM 96.84 3.80 0.00031 0.62194 
8/24/2019 5:30 PM 104.88 3.80 0.00034 0.67356 
8/24/2019 5:31 PM 145.41 3.80 0.00047 0.93380 
8/24/2019 5:32 PM 115.56 3.80 0.00037 0.74211 
8/24/2019 5:33 PM 78.11 3.80 0.00025 0.50161 
8/24/2019 5:34 PM 110.25 3.80 0.00035 0.70803 
8/24/2019 5:35 PM 143.09 3.80 0.00046 0.91890 
8/24/2019 5:36 PM 175.02 3.80 0.00056 1.12398 
8/24/2019 5:37 PM 122.42 3.80 0.00039 0.78618 
8/24/2019 5:38 PM 133.20 3.80 0.00043 0.85538 
8/24/2019 5:39 PM 99.62 3.80 0.00032 0.63978 
8/24/2019 5:40 PM 141.25 3.80 0.00045 0.90714 
8/24/2019 5:41 PM 182.56 3.80 0.00059 1.17243 
8/24/2019 5:42 PM 98.06 3.80 0.00031 0.62977 
8/24/2019 5:43 PM 176.12 3.80 0.00056 1.13102 
8/24/2019 5:44 PM 104.73 3.80 0.00034 0.67261 
8/24/2019 5:45 PM 181.17 3.80 0.00058 1.16351 
8/24/2019 5:46 PM 79.40 3.80 0.00025 0.50990 
8/24/2019 5:47 PM 83.45 3.80 0.00027 0.53592 
8/24/2019 5:48 PM 82.40 3.80 0.00026 0.52918 
8/24/2019 5:49 PM 98.75 3.80 0.00032 0.63415 
8/24/2019 5:50 PM 251.82 3.80 0.00081 1.61721 
8/24/2019 5:51 PM 122.90 3.80 0.00039 0.78929 
8/24/2019 5:52 PM 141.76 3.80 0.00045 0.91039 
8/24/2019 5:53 PM 154.64 3.80 0.00050 0.99310 
8/24/2019 5:54 PM 124.05 3.80 0.00040 0.79665 
8/24/2019 5:55 PM 108.85 3.80 0.00035 0.69906 
8/24/2019 5:56 PM 112.47 3.80 0.00036 0.72225 
8/24/2019 5:57 PM 132.68 3.80 0.00043 0.85204 
8/24/2019 5:58 PM 89.38 3.80 0.00029 0.57399 
8/24/2019 5:59 PM 151.33 3.80 0.00049 0.97182 
8/24/2019 6:00 PM 99.02 3.80 0.00032 0.63589 
8/24/2019 6:01 PM 131.73 3.80 0.00042 0.84599 
8/24/2019 6:02 PM 151.28 3.80 0.00049 0.97153 
8/24/2019 6:03 PM 216.06 0.04 0.00001 0.01461 
8/24/2019 6:04 PM 144.95 0.04 0.00000 0.00980 
8/24/2019 6:05 PM 98.85 0.04 0.00000 0.00668 







8/24/2019 6:06 PM 87.34 0.04 0.00000 0.00590 
8/24/2019 6:07 PM 80.12 0.04 0.00000 0.00542 
8/24/2019 6:08 PM 122.99 0.04 0.00000 0.00831 
8/24/2019 6:09 PM 130.82 0.04 0.00000 0.00884 
8/24/2019 6:10 PM 97.47 0.04 0.00000 0.00659 
8/24/2019 6:11 PM 156.10 0.04 0.00001 0.01055 
8/24/2019 6:12 PM 128.54 0.04 0.00000 0.00869 
8/24/2019 6:13 PM 191.19 0.04 0.00001 0.01292 
8/24/2019 6:14 PM 189.15 0.04 0.00001 0.01279 
8/24/2019 6:15 PM 179.21 0.04 0.00001 0.01211 
8/24/2019 6:16 PM 127.48 0.04 0.00000 0.00862 
8/24/2019 6:17 PM 88.06 0.04 0.00000 0.00595 
8/24/2019 6:18 PM 151.15 0.04 0.00001 0.01022 
8/24/2019 6:19 PM 82.03 0.04 0.00000 0.00554 
8/24/2019 6:20 PM 104.69 0.04 0.00000 0.00708 
8/24/2019 6:21 PM 76.55 0.04 0.00000 0.00517 
8/24/2019 6:22 PM 93.44 0.04 0.00000 0.00632 
8/24/2019 6:23 PM 162.17 0.04 0.00001 0.01096 
8/24/2019 6:24 PM 91.62 0.04 0.00000 0.00619 
8/24/2019 6:25 PM 99.08 0.04 0.00000 0.00670 
8/24/2019 6:26 PM 92.71 0.04 0.00000 0.00627 
8/24/2019 6:27 PM 139.94 0.04 0.00000 0.00946 
8/24/2019 6:28 PM 133.46 0.04 0.00000 0.00902 
8/24/2019 6:29 PM 162.69 0.04 0.00001 0.01100 
8/24/2019 6:30 PM 116.88 0.04 0.00000 0.00790 
8/24/2019 6:31 PM 106.88 0.04 0.00000 0.00723 
8/24/2019 6:32 PM 275.50 0.04 0.00001 0.01862 
8/24/2019 6:33 PM 182.08 0.04 0.00001 0.01231 
8/24/2019 6:34 PM 86.94 0.04 0.00000 0.00588 
8/24/2019 6:35 PM 8.45 0.04 0.00000 0.00057 
8/24/2019 6:36 PM 2.15 0.04 0.00000 0.00015 
8/24/2019 6:37 PM 55.76 0.04 0.00000 0.00377 
8/24/2019 6:38 PM 48.48 0.04 0.00000 0.00328 
8/24/2019 6:39 PM 47.49 0.04 0.00000 0.00321 
8/24/2019 6:40 PM 74.53 0.04 0.00000 0.00504 
8/24/2019 6:41 PM 66.90 0.04 0.00000 0.00452 
8/24/2019 6:42 PM 34.80 0.04 0.00000 0.00235 
8/24/2019 6:43 PM 31.75 0.04 0.00000 0.00215 
8/24/2019 6:44 PM 17.81 0.04 0.00000 0.00120 
8/24/2019 6:45 PM 81.46 0.04 0.00000 0.00551 
8/24/2019 6:46 PM 91.80 0.04 0.00000 0.00621 
8/24/2019 6:47 PM 22.93 0.04 0.00000 0.00155 
8/24/2019 6:51 PM 236.64 0.04 0.00001 0.01600 
8/24/2019 6:52 PM 108.98 0.04 0.00000 0.00737 
8/24/2019 6:53 PM 75.48 0.04 0.00000 0.00510 
8/24/2019 6:54 PM 82.36 0.04 0.00000 0.00557 
8/24/2019 6:55 PM 51.74 0.04 0.00000 0.00350 







8/24/2019 6:56 PM 37.67 0.04 0.00000 0.00255 
8/24/2019 6:57 PM 54.53 0.04 0.00000 0.00369 
8/24/2019 6:58 PM 125.53 0.04 0.00000 0.00849 
8/24/2019 6:59 PM 62.71 0.04 0.00000 0.00424 
8/24/2019 7:00 PM 39.42 0.04 0.00000 0.00266 
8/24/2019 7:01 PM 37.37 0.04 0.00000 0.00253 
8/24/2019 7:02 PM 53.87 10.84 0.00049 0.98686 
8/24/2019 7:03 PM 46.09 10.84 0.00042 0.84432 
8/24/2019 7:04 PM 94.92 10.84 0.00087 1.73885 
8/24/2019 7:05 PM 112.39 10.84 0.00103 2.05892 
8/24/2019 7:06 PM 60.28 10.84 0.00055 1.10428 
8/24/2019 7:07 PM 68.06 10.84 0.00062 1.24689 
8/24/2019 7:08 PM 38.16 10.84 0.00035 0.69903 
8/24/2019 7:09 PM 41.57 10.84 0.00038 0.76153 
8/24/2019 7:10 PM 44.07 10.84 0.00040 0.80739 
8/24/2019 7:11 PM 63.61 10.84 0.00058 1.16533 
8/24/2019 7:12 PM 42.36 10.84 0.00039 0.77594 
8/24/2019 7:13 PM 81.20 10.84 0.00074 1.48748 
8/24/2019 7:14 PM 52.71 10.84 0.00048 0.96555 
8/24/2019 7:15 PM 54.36 10.84 0.00050 0.99590 
8/24/2019 7:16 PM 67.77 10.84 0.00062 1.24158 
8/24/2019 7:17 PM 38.89 10.84 0.00036 0.71245 
8/24/2019 7:18 PM 16.21 10.84 0.00015 0.29699 
8/24/2019 7:19 PM 25.36 10.84 0.00023 0.46451 
8/24/2019 7:20 PM 29.04 10.84 0.00027 0.53196 
8/24/2019 7:21 PM 56.97 10.84 0.00052 1.04359 
8/24/2019 7:22 PM 39.83 10.84 0.00036 0.72959 
8/24/2019 7:23 PM 53.45 10.84 0.00049 0.97920 
8/24/2019 7:24 PM 30.75 10.84 0.00028 0.56328 
8/24/2019 7:25 PM 135.17 10.84 0.00124 2.47628 
8/24/2019 7:26 PM 68.26 10.84 0.00062 1.25055 
8/24/2019 7:27 PM 87.27 10.84 0.00080 1.59870 
8/24/2019 7:28 PM 11.28 10.84 0.00010 0.20670 
8/24/2019 7:29 PM 110.18 10.84 0.00101 2.01853 
8/24/2019 7:30 PM 10.27 10.84 0.00009 0.18819 
8/24/2019 7:31 PM 3.69 10.84 0.00003 0.06759 
8/24/2019 7:32 PM 44.44 10.84 0.00041 0.81409 
8/24/2019 7:33 PM 13.06 10.84 0.00012 0.23933 
8/24/2019 7:34 PM 12.71 10.84 0.00012 0.23280 
8/24/2019 7:35 PM 24.82 10.84 0.00023 0.45466 
8/24/2019 7:36 PM 26.30 10.84 0.00024 0.48179 
8/24/2019 7:37 PM 42.31 10.84 0.00039 0.77511 
8/24/2019 7:38 PM 69.84 10.84 0.00064 1.27949 
8/24/2019 7:39 PM 18.79 10.84 0.00017 0.34431 
8/24/2019 7:40 PM 33.15 10.84 0.00030 0.60724 
8/24/2019 7:41 PM 17.07 10.84 0.00016 0.31278 
8/24/2019 8:05 PM 9.56 6.50 0.00005 0.10502 







8/24/2019 8:06 PM 287.82 6.50 0.00158 3.16167 
8/24/2019 8:07 PM 358.15 6.50 0.00196 3.93431 
8/24/2019 8:08 PM 346.57 6.50 0.00190 3.80702 
8/24/2019 8:09 PM 427.36 6.50 0.00234 4.69454 
8/24/2019 8:10 PM 438.21 6.50 0.00240 4.81377 
8/24/2019 8:11 PM 768.43 6.50 0.00422 8.44122 
8/24/2019 8:12 PM 587.55 6.50 0.00322 6.45420 
8/24/2019 8:13 PM 483.02 6.50 0.00265 5.30593 
8/24/2019 8:14 PM 419.59 6.50 0.00230 4.60925 
8/24/2019 8:15 PM 314.19 6.50 0.00172 3.45141 
8/24/2019 8:16 PM 179.08 6.50 0.00098 1.96723 
8/24/2019 8:17 PM 11.51 6.50 0.00006 0.12648 
8/24/2019 8:33 PM 49.57 6.50 0.00027 0.54450 
8/24/2019 8:34 PM 48.02 6.50 0.00026 0.52755 
8/24/2019 8:35 PM 15.11 6.50 0.00008 0.16599 
8/24/2019 9:02 PM 0.13 6.50 0.00000 0.00144 
8/24/2019 9:03 PM 7.28 6.50 0.00004 0.08000 
8/24/2019 9:04 PM 31.26 6.50 0.00017 0.34344 
8/24/2019 9:05 PM 21.72 7.63 0.00014 0.28009 
8/24/2019 9:06 PM 27.33 7.63 0.00018 0.35236 
8/24/2019 9:07 PM 24.58 7.63 0.00016 0.31693 
8/24/2019 9:08 PM 7.74 7.63 0.00005 0.09977 
8/24/2019 9:09 PM 19.20 7.63 0.00012 0.24759 
8/24/2019 9:10 PM 30.24 7.63 0.00019 0.38993 
8/24/2019 9:11 PM 33.88 7.63 0.00022 0.43682 
8/24/2019 9:12 PM 0.72 7.63 0.00000 0.00925 
8/24/2019 9:13 PM 13.98 7.63 0.00009 0.18031 
8/24/2019 9:14 PM 46.66 7.63 0.00030 0.60167 
8/24/2019 9:15 PM 42.20 7.63 0.00027 0.54411 
8/24/2019 9:16 PM 71.93 7.63 0.00046 0.92752 
8/24/2019 9:17 PM 15.13 7.63 0.00010 0.19513 
8/24/2019 9:22 PM 34.56 7.63 0.00022 0.44558 
8/24/2019 9:23 PM 89.31 7.63 0.00058 1.15158 
8/24/2019 9:24 PM 0.36 7.63 0.00000 0.00466 


 
















 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident  
(October 15, 2020)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A - 
20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or long-
term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring Incident 
attributable to the start up or shut down of a unit that Lion Oil has previously analyzed 
under this Paragraph 21, Lion Oil may identify such prior analysis when submitting 
the report required under this Paragraph 21.”   
 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on October 15, 2020, at approximately 
0755 hours and lasted intermittently until approximately 1707 hours on the same day. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 
 


Response:  


Approximately 0.33 tons (~ 660 pounds) of sulfur dioxide was emitted during the 
Hydrocarbon Flaring Incident.  Appendix C of this response includes the calculation 
method specified under Paragraph §20.D of the Consent Decree to estimate this 
reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
 
  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  
Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Hydrocarbon Flaring Incident resulting from the same Root Cause 
or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
 







 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Hydrocarbon Flaring Incident, detailed in 
the Root Cause Analysis required under Paragraph §20.A.iv and provided in 
Appendix B of this response, has been identified and hereby submitted within the 
45-day time period following the Hydrocarbon Flaring Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has not completed the implementation of all 
three corrective actions identified in the Root Cause Analysis as described in 
Appendix B.  The completion of these corrective actions associated with the Root 
Cause Analysis will be communicated under the Paragraph 21 portion of the EDR 
Semi-Annual Consent Decree Progress Report for the applicable period. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(October 15, 2020)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US - El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


October 15, 2020 Time: ~ 0755 hours 


Incident End 
Date: 


October 15, 2020 Time:  ~ 1707 hours 


Investigation 
Start Date: 


October 15, 2020 
Incident 
Duration: 


718 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 660 Tons: 0.33 
*Note: Please reference the following table for information about the event times and associated 


source.   
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


10/15/2020 0755-1707 hours* 718 
HP Flare (SN-823) 
LP Flare (SN-823) 


*Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members Title 
1. Eric Bediako Reliability Engineering Superintendent 
2. Luis Ovalle Electrical and Instrumentation Engineer 
3. Blanchard Salone Electrical and Instrumentation Manager 


 
 
Investigation and Analysis: 
 
On October 15, 2020 at approximately 0755 hours the El Dorado Refinery (EDR) experienced a 
Hydrocarbon Flaring Incident that lasted intermittently until approximately 1707 hours on the 
same day. 
 
The El Dorado Refinery (EDR) experienced a partial power disruption that affected multiple unit 
operations that also resulted in sulfur dioxide emissions from the High Pressure (HP) and Low 
Pressure (LP) Flares (SN-822 and SN-823, respectively).  Waveform analysis performed by the 
refinery indicates the disruption was caused by three arcing lightning arrestors on Pole 128 in the 
vicinity of the refinery’s Wastewater Treatment Plant.  This caused an arcing fault between 
arrestors on Phase B and Phase C, which resulted in over 5,000 amps on each phase as well as over 
2,000 amps on ground and neutral currents that also damaged the ground cable.   This voltage 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (October 15, 2020) 
Investigation and Root Cause 
 
disruption tripped the 13.8 Kilovolt (kV) North Electrical Loop feed breaker impacting a portion 
of refinery operations.   
 
EDR was able to safely restore power.  Refinery operations were stabilized, and impacted units 
were methodically restarted per standard operating procedures.   
 
A root cause investigation for this incident commenced the afternoon of October 15, 2020 and the 
removed lightning arrestors were provided to the manufacturer for a detailed failure analysis.  
 
Root Causes: 
    
The direct cause of the power disruption was attributed to defective lightning arrestors on Pole 128 
that caused a voltage disruption which tripped the 13.8 kV North Electrical Loop feed breaker.  
The voltage disruption resulted in over 5,000 amps on Phases B and C (normal operation is 350 
amps) as well as 2,000 amps on the ground and neutral current (normal operation is 0 amps).  The 
refinery has identified current electrical repair and maintenance strategies to prevent incident 
reoccurrence and for continuous improvement opportunities.   
 
Recommendation(s) to prevent incident reoccurrence: 
 


 
*Note:  Updates regarding these specific corrective action items will be communicated in 


forthcoming Consent Decree Semi-Annual Progress Reports provided by the EDR. 
 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Evaluate the possibility of using 
fog rated or higher creepage 
distance arrestors. 


Luis Ovalle 
Electrical and 


Instrumentation 
Engineer 


10/15/20 11/20/20* 


Replace lightning arrestors after 
manufacturer completes 
detailed failure analysis 


Blanchard Sloan 
Electrical and 


Instrumentation 
Manager 


10/15/20 12/18/20* 


Perform ultrasonic survey on 
power lines.   


Luis Ovalle 
Electrical and 


Instrumentation 
Engineer 


11/4/20 12/18/20* 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(October 15, 2020) 
Emissions Quantity 


 
Event Overview 


Total Amount of 
Sulfur Dioxide 


(SO2) 
 (tons) 


High Pressure (HP) Flare (SN-822) 0.03 


Low Pressure (LP) Flare (SN-823) 0.30 


Event (Total) ~ 0.33 


Average SO2 
Emission Rate 


(lb/hr) 


HP Flare (SN-822) 23.2 


LP Flare (SN-823) 58.4 


Event (Total) 81.6 


 
 
The data that contributes to the population of the event overview table shown above is as follows 
for the HP Flare (SN-822) and LP Flare (SN-823), respectively. 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data PI Lab Calculation Calculation 


10/15/2020 7:56 AM 3262.12 0.30 0.00083 1.65389 


10/15/2020 7:57 AM 4864.22 0.30 0.00123 2.46616 


10/15/2020 7:58 AM 3623.65 0.30 0.00092 1.83719 


10/15/2020 7:59 AM 2656.91 0.30 0.00067 1.34705 


10/15/2020 8:00 AM 2211.67 0.30 0.00056 1.12132 


10/15/2020 8:01 AM 1683.48 0.30 0.00043 0.85352 


10/15/2020 8:02 AM 1536.04 0.30 0.00039 0.77877 


10/15/2020 8:03 AM 1238.55 0.30 0.00031 0.62795 


10/15/2020 8:04 AM 1021.33 0.30 0.00026 0.51782 


10/15/2020 8:05 AM 1777.97 0.30 0.00045 0.90143 


10/15/2020 8:06 AM 2241.40 0.30 0.00057 1.13639 


10/15/2020 8:07 AM 1281.77 0.30 0.00032 0.64986 


10/15/2020 8:08 AM 969.47 0.30 0.00025 0.49152 


10/15/2020 8:09 AM 599.98 0.30 0.00015 0.30419 







10/15/2020 8:10 AM 621.51 0.30 0.00016 0.31511 


10/15/2020 8:11 AM 379.30 0.30 0.00010 0.19230 


10/15/2020 8:12 AM 121.84 0.30 0.00003 0.06177 


10/15/2020 8:13 AM 108.39 0.30 0.00003 0.05495 


10/15/2020 8:14 AM 238.37 0.30 0.00006 0.12086 


10/15/2020 8:15 AM 189.80 0.30 0.00005 0.09623 


10/15/2020 8:16 AM 439.25 0.30 0.00011 0.22270 


10/15/2020 8:17 AM 905.62 0.30 0.00023 0.45915 


10/15/2020 8:18 AM 1996.81 0.30 0.00051 1.01238 


10/15/2020 8:19 AM 1921.46 0.30 0.00049 0.97418 


10/15/2020 8:20 AM 365.00 0.30 0.00009 0.18505 


10/15/2020 8:21 AM 386.77 0.30 0.00010 0.19609 


10/15/2020 8:22 AM 344.29 0.30 0.00009 0.17455 


10/15/2020 8:23 AM 303.64 0.30 0.00008 0.15395 


10/15/2020 8:24 AM 405.15 0.30 0.00010 0.20541 


10/15/2020 8:25 AM 445.68 0.30 0.00011 0.22596 


10/15/2020 8:26 AM 603.38 0.30 0.00015 0.30591 


10/15/2020 8:27 AM 685.25 0.30 0.00017 0.34742 


10/15/2020 8:28 AM 446.81 0.30 0.00011 0.22653 


10/15/2020 8:29 AM 240.14 0.30 0.00006 0.12175 


10/15/2020 8:30 AM 227.27 0.30 0.00006 0.11523 


10/15/2020 8:31 AM 228.11 0.30 0.00006 0.11565 


10/15/2020 8:32 AM 195.10 0.30 0.00005 0.09892 


10/15/2020 8:33 AM 245.54 0.30 0.00006 0.12449 


10/15/2020 8:34 AM 677.85 0.30 0.00017 0.34367 


10/15/2020 8:35 AM 263.16 0.30 0.00007 0.13342 


10/15/2020 8:36 AM 231.28 0.30 0.00006 0.11726 


10/15/2020 8:37 AM 169.75 0.30 0.00004 0.08606 


10/15/2020 8:38 AM 250.45 0.30 0.00006 0.12698 


10/15/2020 8:39 AM 868.57 0.30 0.00022 0.44036 


10/15/2020 8:40 AM 533.18 0.30 0.00014 0.27032 


10/15/2020 8:41 AM 424.46 0.30 0.00011 0.21520 


10/15/2020 8:42 AM 411.88 0.30 0.00010 0.20882 


10/15/2020 8:43 AM 328.67 0.30 0.00008 0.16664 


10/15/2020 8:44 AM 1393.95 0.30 0.00035 0.70673 


10/15/2020 8:45 AM 545.91 0.30 0.00014 0.27677 


10/15/2020 8:46 AM 348.00 0.30 0.00009 0.17644 


10/15/2020 8:47 AM 277.50 0.30 0.00007 0.14069 


10/15/2020 8:48 AM 430.76 0.30 0.00011 0.21840 


10/15/2020 8:49 AM 1778.30 0.30 0.00045 0.90160 







10/15/2020 8:50 AM 771.55 0.30 0.00020 0.39117 


10/15/2020 8:51 AM 201.23 0.30 0.00005 0.10202 


10/15/2020 8:52 AM 185.14 0.30 0.00005 0.09387 


10/15/2020 8:53 AM 999.19 0.30 0.00025 0.50659 


10/15/2020 8:54 AM 466.67 0.30 0.00012 0.23660 


10/15/2020 8:57 AM 279.51 0.30 0.00007 0.14171 


10/15/2020 8:58 AM 1125.96 0.30 0.00029 0.57086 


10/15/2020 8:59 AM 99.00 0.30 0.00003 0.05019 


10/15/2020 9:01 AM 271.47 0.30 0.00007 0.13763 


10/15/2020 9:02 AM 265.23 0.30 0.00007 0.13447 


10/15/2020 9:05 AM 617.81 0.30 0.00016 0.31323 


10/15/2020 9:06 AM 332.62 0.30 0.00008 0.16864 


10/15/2020 9:09 AM 151.79 0.30 0.00004 0.07696 


10/15/2020 9:10 AM 229.49 0.30 0.00006 0.11635 


10/15/2020 9:13 AM 554.78 0.30 0.00014 0.28127 


10/15/2020 9:14 AM 259.18 0.30 0.00007 0.13140 


10/15/2020 9:16 AM 38.06 0.30 0.00001 0.01930 


10/15/2020 9:17 AM 840.42 0.30 0.00021 0.42609 


10/15/2020 9:18 AM 6.71 0.30 0.00000 0.00340 


10/15/2020 9:20 AM 21.69 0.30 0.00001 0.01099 


10/15/2020 9:21 AM 16.17 0.30 0.00000 0.00820 


10/15/2020 9:23 AM 212.65 0.30 0.00005 0.10781 


10/15/2020 9:24 AM 85.93 0.30 0.00002 0.04357 


10/15/2020 9:26 AM 131.96 0.30 0.00003 0.06691 


10/15/2020 9:27 AM 46.22 0.30 0.00001 0.02344 


10/15/2020 9:28 AM 41.39 0.30 0.00001 0.02099 


10/15/2020 9:29 AM 139.18 0.30 0.00004 0.07056 


10/15/2020 9:31 AM 39.48 0.30 0.00001 0.02002 


10/15/2020 9:32 AM 104.63 0.30 0.00003 0.05305 


10/15/2020 9:34 AM 161.83 0.30 0.00004 0.08205 


10/15/2020 9:35 AM 163.31 0.30 0.00004 0.08280 


10/15/2020 9:37 AM 22.48 0.30 0.00001 0.01140 


10/15/2020 9:38 AM 0.53 0.30 0.00000 0.00027 


10/15/2020 9:40 AM 1046.76 0.30 0.00027 0.53071 


10/15/2020 9:41 AM 1623.18 0.30 0.00041 0.82295 


10/15/2020 9:42 AM 1082.51 0.30 0.00027 0.54883 


10/15/2020 9:43 AM 1173.75 0.30 0.00030 0.59509 


10/15/2020 9:44 AM 1463.97 0.30 0.00037 0.74223 


10/15/2020 9:45 AM 908.92 0.30 0.00023 0.46082 


10/15/2020 9:46 AM 792.35 0.30 0.00020 0.40172 







10/15/2020 9:47 AM 1741.12 0.30 0.00044 0.88275 


10/15/2020 9:48 AM 1251.46 0.30 0.00032 0.63449 


10/15/2020 9:49 AM 956.78 0.30 0.00024 0.48509 


10/15/2020 9:50 AM 1017.58 0.30 0.00026 0.51592 


10/15/2020 9:51 AM 896.68 0.30 0.00023 0.45462 


10/15/2020 9:52 AM 1911.49 0.30 0.00048 0.96912 


10/15/2020 9:53 AM 1257.69 0.30 0.00032 0.63765 


10/15/2020 9:54 AM 987.06 0.30 0.00025 0.50044 


10/15/2020 9:55 AM 1184.21 0.30 0.00030 0.60039 


10/15/2020 9:56 AM 850.76 0.30 0.00022 0.43134 


10/15/2020 9:57 AM 1654.66 0.30 0.00042 0.83891 


10/15/2020 9:58 AM 1594.90 0.30 0.00040 0.80861 


10/15/2020 9:59 AM 1072.69 0.30 0.00027 0.54385 


10/15/2020 10:00 AM 956.63 0.20 0.00016 0.32334 


10/15/2020 10:01 AM 1025.28 0.20 0.00017 0.34654 


10/15/2020 10:02 AM 1916.14 0.20 0.00032 0.64766 


10/15/2020 10:03 AM 1116.26 0.20 0.00019 0.37730 


10/15/2020 10:04 AM 1041.93 0.20 0.00018 0.35217 


10/15/2020 10:05 AM 918.64 0.20 0.00016 0.31050 


10/15/2020 10:06 AM 1359.25 0.20 0.00023 0.45943 


10/15/2020 10:07 AM 1396.23 0.20 0.00024 0.47193 


10/15/2020 10:08 AM 1012.02 0.20 0.00017 0.34206 


10/15/2020 10:09 AM 1602.52 0.20 0.00027 0.54165 


10/15/2020 10:10 AM 1348.89 0.20 0.00023 0.45592 


10/15/2020 10:11 AM 1312.13 0.20 0.00022 0.44350 


10/15/2020 10:12 AM 1224.53 0.20 0.00021 0.41389 


10/15/2020 10:13 AM 945.83 0.20 0.00016 0.31969 


10/15/2020 10:14 AM 1044.40 0.20 0.00018 0.35301 


10/15/2020 10:15 AM 1034.01 0.20 0.00017 0.34949 


10/15/2020 10:16 AM 1492.85 0.20 0.00025 0.50458 


10/15/2020 10:17 AM 1194.01 0.20 0.00020 0.40357 


10/15/2020 10:18 AM 1073.20 0.20 0.00018 0.36274 


10/15/2020 10:19 AM 1098.62 0.20 0.00019 0.37133 


10/15/2020 10:20 AM 1097.30 0.20 0.00019 0.37089 


10/15/2020 10:21 AM 1132.76 0.20 0.00019 0.38287 


10/15/2020 10:22 AM 1125.59 0.20 0.00019 0.38045 


10/15/2020 10:23 AM 1059.34 0.20 0.00018 0.35806 


10/15/2020 10:24 AM 917.77 0.20 0.00015 0.31021 


10/15/2020 10:25 AM 1035.59 0.20 0.00017 0.35003 


10/15/2020 10:26 AM 1150.95 0.20 0.00019 0.38902 







10/15/2020 10:27 AM 1296.29 0.20 0.00022 0.43815 


10/15/2020 10:28 AM 1304.91 0.20 0.00022 0.44106 


10/15/2020 10:29 AM 1139.51 0.20 0.00019 0.38516 


10/15/2020 10:30 AM 1126.97 0.20 0.00019 0.38092 


10/15/2020 10:31 AM 1071.47 0.20 0.00018 0.36216 


10/15/2020 10:32 AM 1075.40 0.20 0.00018 0.36349 


10/15/2020 10:33 AM 1014.31 0.20 0.00017 0.34284 


10/15/2020 10:34 AM 1080.35 0.20 0.00018 0.36516 


10/15/2020 10:35 AM 1093.56 0.20 0.00018 0.36962 


10/15/2020 10:36 AM 1126.00 0.20 0.00019 0.38059 


10/15/2020 10:37 AM 1197.00 0.20 0.00020 0.40458 


10/15/2020 10:38 AM 1210.49 0.20 0.00020 0.40914 


10/15/2020 10:39 AM 1239.47 0.20 0.00021 0.41894 


10/15/2020 10:40 AM 1288.87 0.20 0.00022 0.43564 


10/15/2020 10:41 AM 1278.37 0.20 0.00022 0.43209 


10/15/2020 10:42 AM 1128.36 0.20 0.00019 0.38139 


10/15/2020 10:43 AM 1280.56 0.20 0.00022 0.43283 


10/15/2020 10:44 AM 1176.48 0.20 0.00020 0.39765 


10/15/2020 10:45 AM 1233.00 0.20 0.00021 0.41675 


10/15/2020 10:46 AM 1268.04 0.20 0.00021 0.42860 


10/15/2020 10:47 AM 1442.89 0.20 0.00024 0.48770 


10/15/2020 10:48 AM 1701.63 0.20 0.00029 0.57515 


10/15/2020 10:49 AM 1778.96 0.20 0.00030 0.60129 


10/15/2020 10:50 AM 1783.98 0.20 0.00030 0.60298 


10/15/2020 10:51 AM 1581.77 0.20 0.00027 0.53464 


10/15/2020 10:52 AM 1228.15 0.20 0.00021 0.41512 


10/15/2020 10:53 AM 803.62 0.20 0.00014 0.27162 


10/15/2020 10:54 AM 686.48 0.20 0.00012 0.23203 


10/15/2020 10:55 AM 704.30 0.20 0.00012 0.23805 


10/15/2020 10:56 AM 511.17 0.20 0.00009 0.17278 


10/15/2020 10:57 AM 265.17 0.20 0.00004 0.08963 


10/15/2020 10:58 AM 306.15 0.20 0.00005 0.10348 


10/15/2020 10:59 AM 6.83 0.20 0.00000 0.00231 


10/15/2020 11:00 AM 80.21 0.20 0.00001 0.02711 


10/15/2020 11:01 AM 0.40 0.10 0.00000 0.00007 


 
 
 
 
 
 







Low Pressure Flare (SN-823) 


Date/Time 
Flare Volumetric 


Flow 
H2S 


Content 
Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data PI Lab Calculation Calculation 


10/15/2020 7:55 AM 202.64 1.30 0.00022 0.44520 


10/15/2020 7:56 AM 3095.47 1.30 0.00340 6.80074 


10/15/2020 7:57 AM 5563.43 1.30 0.00610 12.22286 


10/15/2020 7:58 AM 4898.26 1.30 0.00537 10.76147 


10/15/2020 7:59 AM 1693.97 1.30 0.00186 3.72165 


10/15/2020 8:00 AM 2502.34 1.30 0.00275 5.49764 


10/15/2020 8:01 AM 4836.15 1.30 0.00531 10.62502 


10/15/2020 8:02 AM 3756.88 1.30 0.00412 8.25387 


10/15/2020 8:03 AM 5891.94 1.30 0.00646 12.94458 


10/15/2020 8:04 AM 4618.55 1.30 0.00507 10.14696 


10/15/2020 8:05 AM 7194.38 1.30 0.00789 15.80605 


10/15/2020 8:06 AM 8025.82 1.30 0.00881 17.63273 


10/15/2020 8:07 AM 8434.91 1.30 0.00925 18.53149 


10/15/2020 8:08 AM 8399.82 1.30 0.00922 18.45440 


10/15/2020 8:09 AM 7274.25 1.30 0.00798 15.98154 


10/15/2020 8:10 AM 7083.32 1.30 0.00777 15.56206 


10/15/2020 8:11 AM 7145.49 1.30 0.00784 15.69864 


10/15/2020 8:12 AM 5700.48 1.30 0.00625 12.52395 


10/15/2020 8:13 AM 5104.53 1.30 0.00560 11.21465 


10/15/2020 8:14 AM 3901.76 1.30 0.00428 8.57216 


10/15/2020 8:15 AM 4528.69 1.30 0.00497 9.94954 


10/15/2020 8:16 AM 3852.32 1.30 0.00423 8.46354 


10/15/2020 8:17 AM 4096.11 1.30 0.00449 8.99914 


10/15/2020 8:18 AM 4531.90 1.30 0.00497 9.95658 


10/15/2020 8:19 AM 4410.62 1.30 0.00484 9.69014 


10/15/2020 8:20 AM 6628.16 1.30 0.00727 14.56208 


10/15/2020 8:21 AM 5975.14 1.30 0.00656 13.12739 


10/15/2020 8:22 AM 6090.78 1.30 0.00668 13.38143 


10/15/2020 8:23 AM 6035.02 1.30 0.00662 13.25894 


10/15/2020 8:24 AM 6062.65 1.30 0.00665 13.31964 


10/15/2020 8:25 AM 5760.51 1.30 0.00632 12.65585 


10/15/2020 8:26 AM 4929.04 1.30 0.00541 10.82911 


10/15/2020 8:27 AM 3344.35 1.30 0.00367 7.34753 


10/15/2020 8:28 AM 2561.44 1.30 0.00281 5.62749 


10/15/2020 8:29 AM 2872.27 1.30 0.00315 6.31038 







10/15/2020 8:30 AM 2129.86 1.30 0.00234 4.67931 


10/15/2020 8:31 AM 2389.61 1.30 0.00262 5.24997 


10/15/2020 8:32 AM 924.22 1.30 0.00101 2.03052 


10/15/2020 8:33 AM 1302.03 1.30 0.00143 2.86056 


10/15/2020 8:34 AM 2086.35 1.30 0.00229 4.58371 


10/15/2020 8:35 AM 1230.20 1.30 0.00135 2.70275 


10/15/2020 8:36 AM 2448.52 1.30 0.00269 5.37939 


10/15/2020 8:37 AM 2376.13 1.30 0.00261 5.22036 


10/15/2020 8:38 AM 2596.95 1.30 0.00285 5.70549 


10/15/2020 8:39 AM 3054.68 1.30 0.00335 6.71114 


10/15/2020 8:40 AM 2790.97 1.30 0.00306 6.13176 


10/15/2020 8:41 AM 2955.23 1.30 0.00324 6.49263 


10/15/2020 8:42 AM 3483.21 1.30 0.00382 7.65261 


10/15/2020 8:43 AM 2215.24 1.30 0.00243 4.86687 


10/15/2020 8:44 AM 1922.05 1.30 0.00211 4.22274 


10/15/2020 8:45 AM 2127.33 1.30 0.00233 4.67375 


10/15/2020 8:46 AM 1546.38 1.30 0.00170 3.39740 


10/15/2020 8:47 AM 962.10 1.30 0.00106 2.11374 


10/15/2020 8:48 AM 1456.62 1.30 0.00160 3.20019 


10/15/2020 8:49 AM 842.67 1.30 0.00092 1.85135 


10/15/2020 8:50 AM 505.66 1.30 0.00055 1.11093 


10/15/2020 8:51 AM 1377.64 1.30 0.00151 3.02667 


10/15/2020 8:52 AM 706.73 1.30 0.00078 1.55269 


10/15/2020 8:53 AM 701.87 1.30 0.00077 1.54201 


10/15/2020 8:54 AM 1777.18 1.30 0.00195 3.90446 


10/15/2020 8:55 AM 1293.19 1.30 0.00142 2.84115 


10/15/2020 8:56 AM 774.82 1.30 0.00085 1.70229 


10/15/2020 8:57 AM 1555.46 1.30 0.00171 3.41736 


10/15/2020 8:58 AM 689.28 1.30 0.00076 1.51436 


10/15/2020 8:59 AM 307.46 1.30 0.00034 0.67548 


10/15/2020 9:00 AM 1335.09 0.20 0.00023 0.45126 


10/15/2020 9:01 AM 570.16 0.20 0.00010 0.19272 


10/15/2020 9:02 AM 559.60 0.20 0.00009 0.18915 


10/15/2020 9:03 AM 1696.76 0.20 0.00029 0.57351 


10/15/2020 9:04 AM 1150.30 0.20 0.00019 0.38880 


10/15/2020 9:05 AM 719.81 0.20 0.00012 0.24330 


10/15/2020 9:06 AM 1478.34 0.20 0.00025 0.49968 


10/15/2020 9:07 AM 1041.47 0.20 0.00018 0.35202 


10/15/2020 9:08 AM 634.15 0.20 0.00011 0.21434 


10/15/2020 9:09 AM 1488.32 0.20 0.00025 0.50305 







10/15/2020 9:10 AM 895.01 0.20 0.00015 0.30251 


10/15/2020 9:11 AM 611.50 0.20 0.00010 0.20669 


10/15/2020 9:12 AM 1193.81 0.20 0.00020 0.40351 


10/15/2020 9:13 AM 1062.63 0.20 0.00018 0.35917 


10/15/2020 9:14 AM 687.14 0.20 0.00012 0.23225 


10/15/2020 9:15 AM 1328.12 0.20 0.00022 0.44891 


10/15/2020 9:16 AM 1095.70 0.20 0.00018 0.37035 


10/15/2020 9:17 AM 704.71 0.20 0.00012 0.23819 


10/15/2020 9:18 AM 1157.96 0.20 0.00020 0.39139 


10/15/2020 9:19 AM 1151.20 0.20 0.00019 0.38911 


10/15/2020 9:20 AM 667.32 0.20 0.00011 0.22555 


10/15/2020 9:21 AM 1035.58 0.20 0.00017 0.35003 


10/15/2020 9:22 AM 1320.82 0.20 0.00022 0.44644 


10/15/2020 9:23 AM 694.09 0.20 0.00012 0.23460 


10/15/2020 9:24 AM 832.48 0.20 0.00014 0.28138 


10/15/2020 9:25 AM 1519.76 0.20 0.00026 0.51368 


10/15/2020 9:26 AM 716.14 0.20 0.00012 0.24205 


10/15/2020 9:27 AM 685.90 0.20 0.00012 0.23183 


10/15/2020 9:28 AM 1664.75 0.20 0.00028 0.56268 


10/15/2020 9:29 AM 817.22 0.20 0.00014 0.27622 


10/15/2020 9:30 AM 640.70 0.20 0.00011 0.21656 


10/15/2020 9:31 AM 1319.09 0.20 0.00022 0.44585 


10/15/2020 9:32 AM 983.84 0.20 0.00017 0.33254 


10/15/2020 9:33 AM 680.10 0.20 0.00011 0.22987 


10/15/2020 9:34 AM 1199.76 0.20 0.00020 0.40552 


10/15/2020 9:35 AM 1261.91 0.20 0.00021 0.42652 


10/15/2020 9:36 AM 678.87 0.20 0.00011 0.22946 


10/15/2020 9:37 AM 834.03 0.20 0.00014 0.28190 


10/15/2020 9:38 AM 1406.32 0.20 0.00024 0.47534 


10/15/2020 9:39 AM 736.87 0.20 0.00012 0.24906 


10/15/2020 9:40 AM 531.86 0.20 0.00009 0.17977 


10/15/2020 9:41 AM 1394.26 0.20 0.00024 0.47126 


10/15/2020 9:42 AM 714.25 0.20 0.00012 0.24142 


10/15/2020 9:43 AM 438.88 0.20 0.00007 0.14834 


10/15/2020 9:44 AM 1112.86 0.20 0.00019 0.37615 


10/15/2020 9:45 AM 762.13 0.20 0.00013 0.25760 


10/15/2020 9:46 AM 444.21 0.20 0.00007 0.15014 


10/15/2020 9:47 AM 368.94 0.20 0.00006 0.12470 


10/15/2020 9:48 AM 858.66 0.20 0.00014 0.29023 


10/15/2020 9:49 AM 974.90 0.20 0.00016 0.32952 







10/15/2020 9:50 AM 1087.93 0.20 0.00018 0.36772 


10/15/2020 9:51 AM 961.38 0.20 0.00016 0.32495 


10/15/2020 9:52 AM 961.74 0.20 0.00016 0.32507 


10/15/2020 9:53 AM 907.45 0.20 0.00015 0.30672 


10/15/2020 9:54 AM 965.58 0.20 0.00016 0.32637 


10/15/2020 9:55 AM 898.24 0.20 0.00015 0.30360 


10/15/2020 9:56 AM 795.85 0.20 0.00013 0.26900 


10/15/2020 9:57 AM 886.17 0.20 0.00015 0.29953 


10/15/2020 9:58 AM 817.90 0.20 0.00014 0.27645 


10/15/2020 9:59 AM 971.21 0.20 0.00016 0.32827 


10/15/2020 10:00 AM 952.97 0.10 0.00008 0.16105 


10/15/2020 10:01 AM 829.94 0.10 0.00007 0.14026 


10/15/2020 10:02 AM 906.32 0.10 0.00008 0.15317 


10/15/2020 10:03 AM 838.74 0.10 0.00007 0.14175 


10/15/2020 10:04 AM 843.33 0.10 0.00007 0.14252 


10/15/2020 10:05 AM 884.16 0.10 0.00007 0.14942 


10/15/2020 10:06 AM 851.04 0.10 0.00007 0.14383 


10/15/2020 10:07 AM 785.12 0.10 0.00007 0.13269 


10/15/2020 10:08 AM 774.21 0.10 0.00007 0.13084 


10/15/2020 10:09 AM 765.87 0.10 0.00006 0.12943 


10/15/2020 10:10 AM 725.43 0.10 0.00006 0.12260 


10/15/2020 10:11 AM 696.11 0.10 0.00006 0.11764 


10/15/2020 10:12 AM 751.80 0.10 0.00006 0.12705 


10/15/2020 10:13 AM 772.59 0.10 0.00007 0.13057 


10/15/2020 10:14 AM 765.23 0.10 0.00006 0.12932 


10/15/2020 10:15 AM 825.41 0.10 0.00007 0.13949 


10/15/2020 10:16 AM 826.57 0.10 0.00007 0.13969 


10/15/2020 10:17 AM 803.66 0.10 0.00007 0.13582 


10/15/2020 10:18 AM 827.61 0.10 0.00007 0.13987 


10/15/2020 10:19 AM 800.27 0.10 0.00007 0.13525 


10/15/2020 10:20 AM 831.65 0.10 0.00007 0.14055 


10/15/2020 10:21 AM 824.73 0.10 0.00007 0.13938 


10/15/2020 10:22 AM 797.93 0.10 0.00007 0.13485 


10/15/2020 10:23 AM 795.18 0.10 0.00007 0.13439 


10/15/2020 10:24 AM 857.76 0.10 0.00007 0.14496 


10/15/2020 10:25 AM 827.65 0.10 0.00007 0.13987 


10/15/2020 10:26 AM 821.77 0.10 0.00007 0.13888 


10/15/2020 10:27 AM 918.35 0.10 0.00008 0.15520 


10/15/2020 10:28 AM 959.07 0.10 0.00008 0.16208 


10/15/2020 10:29 AM 845.64 0.10 0.00007 0.14291 







10/15/2020 10:30 AM 850.46 0.10 0.00007 0.14373 


10/15/2020 10:31 AM 851.67 0.10 0.00007 0.14393 


10/15/2020 10:32 AM 881.84 0.10 0.00007 0.14903 


10/15/2020 10:33 AM 1058.34 0.10 0.00009 0.17886 


10/15/2020 10:34 AM 1197.04 0.10 0.00010 0.20230 


10/15/2020 10:35 AM 1155.39 0.10 0.00010 0.19526 


10/15/2020 10:36 AM 1071.52 0.10 0.00009 0.18109 


10/15/2020 10:37 AM 958.27 0.10 0.00008 0.16195 


10/15/2020 10:38 AM 945.95 0.10 0.00008 0.15986 


10/15/2020 10:39 AM 921.25 0.10 0.00008 0.15569 


10/15/2020 10:40 AM 914.05 0.10 0.00008 0.15448 


10/15/2020 10:41 AM 999.22 0.10 0.00008 0.16887 


10/15/2020 10:42 AM 1035.58 0.10 0.00009 0.17501 


10/15/2020 10:43 AM 961.21 0.10 0.00008 0.16244 


10/15/2020 10:44 AM 886.11 0.10 0.00007 0.14975 


10/15/2020 10:45 AM 833.69 0.10 0.00007 0.14089 


10/15/2020 10:46 AM 850.19 0.10 0.00007 0.14368 


10/15/2020 10:47 AM 937.60 0.10 0.00008 0.15845 


10/15/2020 10:48 AM 904.67 0.10 0.00008 0.15289 


10/15/2020 10:49 AM 861.93 0.10 0.00007 0.14567 


10/15/2020 10:50 AM 682.77 0.10 0.00006 0.11539 


10/15/2020 10:51 AM 508.04 0.10 0.00004 0.08586 


10/15/2020 10:52 AM 549.65 0.10 0.00005 0.09289 


10/15/2020 10:53 AM 517.30 0.10 0.00004 0.08742 


10/15/2020 10:54 AM 533.31 0.10 0.00005 0.09013 


10/15/2020 10:55 AM 595.09 0.10 0.00005 0.10057 


10/15/2020 10:56 AM 608.12 0.10 0.00005 0.10277 


10/15/2020 10:57 AM 425.06 0.10 0.00004 0.07183 


10/15/2020 10:58 AM 289.45 0.10 0.00002 0.04892 


10/15/2020 10:59 AM 353.31 0.10 0.00003 0.05971 


10/15/2020 11:00 AM 371.32 0.02 0.00001 0.01255 


10/15/2020 11:01 AM 206.91 0.02 0.00000 0.00699 


10/15/2020 11:02 AM 224.97 0.02 0.00000 0.00760 


10/15/2020 11:03 AM 226.37 0.02 0.00000 0.00765 


10/15/2020 11:04 AM 167.46 0.02 0.00000 0.00566 


10/15/2020 11:05 AM 168.01 0.02 0.00000 0.00568 


10/15/2020 11:06 AM 252.70 0.02 0.00000 0.00854 


10/15/2020 11:07 AM 262.20 0.02 0.00000 0.00886 


10/15/2020 11:08 AM 191.69 0.02 0.00000 0.00648 


10/15/2020 11:09 AM 179.00 0.02 0.00000 0.00605 







10/15/2020 11:10 AM 179.13 0.02 0.00000 0.00605 


10/15/2020 11:11 AM 191.57 0.02 0.00000 0.00648 


10/15/2020 11:12 AM 147.26 0.02 0.00000 0.00498 


10/15/2020 11:13 AM 108.55 0.02 0.00000 0.00367 


10/15/2020 11:14 AM 148.08 0.02 0.00000 0.00501 


10/15/2020 11:15 AM 150.41 0.02 0.00000 0.00508 


10/15/2020 11:16 AM 140.31 0.02 0.00000 0.00474 


10/15/2020 11:17 AM 141.91 0.02 0.00000 0.00480 


10/15/2020 11:18 AM 111.24 0.02 0.00000 0.00376 


10/15/2020 11:19 AM 102.85 0.02 0.00000 0.00348 


10/15/2020 11:20 AM 100.09 0.02 0.00000 0.00338 


10/15/2020 11:21 AM 81.56 0.02 0.00000 0.00276 


10/15/2020 11:22 AM 96.23 0.02 0.00000 0.00325 


10/15/2020 11:23 AM 120.65 0.02 0.00000 0.00408 


10/15/2020 11:24 AM 118.78 0.02 0.00000 0.00401 


10/15/2020 11:25 AM 56.84 0.02 0.00000 0.00192 


10/15/2020 11:26 AM 106.84 0.02 0.00000 0.00361 


10/15/2020 11:27 AM 127.83 0.02 0.00000 0.00432 


10/15/2020 11:28 AM 91.29 0.02 0.00000 0.00309 


10/15/2020 11:29 AM 127.50 0.02 0.00000 0.00431 


10/15/2020 11:30 AM 115.12 0.02 0.00000 0.00389 


10/15/2020 11:31 AM 177.40 0.02 0.00000 0.00600 


10/15/2020 11:32 AM 145.56 0.02 0.00000 0.00492 


10/15/2020 11:33 AM 117.34 0.02 0.00000 0.00397 


10/15/2020 11:34 AM 181.49 0.02 0.00000 0.00613 


10/15/2020 11:35 AM 162.54 0.02 0.00000 0.00549 


10/15/2020 11:36 AM 94.86 0.02 0.00000 0.00321 


10/15/2020 11:37 AM 120.01 0.02 0.00000 0.00406 


10/15/2020 11:38 AM 148.21 0.02 0.00000 0.00501 


10/15/2020 11:39 AM 181.95 0.02 0.00000 0.00615 


10/15/2020 11:40 AM 118.24 0.02 0.00000 0.00400 


10/15/2020 11:41 AM 102.11 0.02 0.00000 0.00345 


10/15/2020 11:42 AM 108.57 0.02 0.00000 0.00367 


10/15/2020 11:43 AM 123.49 0.02 0.00000 0.00417 


10/15/2020 11:44 AM 83.12 0.02 0.00000 0.00281 


10/15/2020 11:45 AM 99.02 0.02 0.00000 0.00335 


10/15/2020 11:46 AM 106.96 0.02 0.00000 0.00362 


10/15/2020 11:47 AM 114.77 0.02 0.00000 0.00388 


10/15/2020 11:48 AM 116.42 0.02 0.00000 0.00393 


10/15/2020 11:49 AM 86.24 0.02 0.00000 0.00291 







10/15/2020 11:50 AM 128.85 0.02 0.00000 0.00436 


10/15/2020 11:51 AM 136.77 0.02 0.00000 0.00462 


10/15/2020 11:52 AM 51.16 0.02 0.00000 0.00173 


10/15/2020 11:53 AM 69.18 0.02 0.00000 0.00234 


10/15/2020 11:58 AM 3.39 0.02 0.00000 0.00011 


10/15/2020 11:59 AM 71.89 0.02 0.00000 0.00243 


10/15/2020 12:00 PM 612.11 0.02 0.00001 0.02069 


10/15/2020 12:01 PM 314.46 0.02 0.00001 0.01063 


10/15/2020 12:02 PM 411.46 0.02 0.00001 0.01391 


10/15/2020 12:03 PM 543.16 0.02 0.00001 0.01836 


10/15/2020 12:04 PM 458.87 0.02 0.00001 0.01551 


10/15/2020 12:05 PM 896.89 0.02 0.00002 0.03031 


10/15/2020 12:06 PM 955.89 0.02 0.00002 0.03231 


10/15/2020 12:07 PM 974.90 0.02 0.00002 0.03295 


10/15/2020 12:08 PM 864.68 0.02 0.00001 0.02923 


10/15/2020 12:09 PM 921.39 0.02 0.00002 0.03114 


10/15/2020 12:10 PM 876.35 0.02 0.00001 0.02962 


10/15/2020 12:11 PM 749.64 0.02 0.00001 0.02534 


10/15/2020 12:12 PM 807.02 0.02 0.00001 0.02728 


10/15/2020 12:13 PM 684.57 0.02 0.00001 0.02314 


10/15/2020 12:14 PM 765.70 0.02 0.00001 0.02588 


10/15/2020 12:15 PM 704.29 0.02 0.00001 0.02380 


10/15/2020 12:16 PM 694.25 0.02 0.00001 0.02347 


10/15/2020 12:17 PM 741.52 0.02 0.00001 0.02506 


10/15/2020 12:18 PM 755.95 0.02 0.00001 0.02555 


10/15/2020 12:19 PM 733.30 0.02 0.00001 0.02479 


10/15/2020 12:20 PM 700.38 0.02 0.00001 0.02367 


10/15/2020 12:21 PM 695.88 0.02 0.00001 0.02352 


10/15/2020 12:22 PM 695.72 0.02 0.00001 0.02352 


10/15/2020 12:23 PM 735.77 0.02 0.00001 0.02487 


10/15/2020 12:24 PM 780.93 0.02 0.00001 0.02640 


10/15/2020 12:25 PM 758.43 0.02 0.00001 0.02563 


10/15/2020 12:26 PM 749.04 0.02 0.00001 0.02532 


10/15/2020 12:27 PM 824.14 0.02 0.00001 0.02786 


10/15/2020 12:28 PM 784.64 0.02 0.00001 0.02652 


10/15/2020 12:29 PM 779.66 0.02 0.00001 0.02635 


10/15/2020 12:30 PM 791.71 0.02 0.00001 0.02676 


10/15/2020 12:31 PM 873.45 0.02 0.00001 0.02952 


10/15/2020 12:32 PM 1011.05 0.02 0.00002 0.03417 


10/15/2020 12:33 PM 911.65 0.02 0.00002 0.03081 







10/15/2020 12:34 PM 845.65 0.02 0.00001 0.02858 


10/15/2020 12:35 PM 926.59 0.02 0.00002 0.03132 


10/15/2020 12:36 PM 953.29 0.02 0.00002 0.03222 


10/15/2020 12:37 PM 910.64 0.02 0.00002 0.03078 


10/15/2020 12:38 PM 982.07 0.02 0.00002 0.03319 


10/15/2020 12:39 PM 854.24 0.02 0.00001 0.02887 


10/15/2020 12:40 PM 946.49 0.02 0.00002 0.03199 


10/15/2020 12:41 PM 981.07 0.02 0.00002 0.03316 


10/15/2020 12:42 PM 893.86 0.02 0.00002 0.03021 


10/15/2020 12:43 PM 1070.94 0.02 0.00002 0.03620 


10/15/2020 12:44 PM 940.80 0.02 0.00002 0.03180 


10/15/2020 12:45 PM 955.27 0.02 0.00002 0.03229 


10/15/2020 12:46 PM 1130.96 0.02 0.00002 0.03823 


10/15/2020 12:47 PM 1141.10 0.02 0.00002 0.03857 


10/15/2020 12:48 PM 971.99 0.02 0.00002 0.03285 


10/15/2020 12:49 PM 949.17 0.02 0.00002 0.03208 


10/15/2020 12:50 PM 1054.79 0.02 0.00002 0.03565 


10/15/2020 12:51 PM 1170.74 0.02 0.00002 0.03957 


10/15/2020 12:52 PM 1172.85 0.02 0.00002 0.03964 


10/15/2020 12:53 PM 1190.25 0.02 0.00002 0.04023 


10/15/2020 12:54 PM 1209.83 0.02 0.00002 0.04089 


10/15/2020 12:55 PM 927.93 0.02 0.00002 0.03136 


10/15/2020 12:56 PM 1387.27 0.02 0.00002 0.04689 


10/15/2020 12:57 PM 568.36 0.02 0.00001 0.01921 


10/15/2020 12:58 PM 965.96 0.02 0.00002 0.03265 


10/15/2020 12:59 PM 1171.62 0.02 0.00002 0.03960 


10/15/2020 1:00 PM 1165.77 0.02 0.00002 0.03940 


10/15/2020 1:01 PM 1048.17 0.02 0.00002 0.03543 


10/15/2020 1:02 PM 1192.12 0.02 0.00002 0.04029 


10/15/2020 1:03 PM 1028.75 0.02 0.00002 0.03477 


10/15/2020 1:04 PM 1115.91 0.02 0.00002 0.03772 


10/15/2020 1:05 PM 1156.57 0.02 0.00002 0.03909 


10/15/2020 1:06 PM 1151.66 0.02 0.00002 0.03893 


10/15/2020 1:07 PM 1004.25 0.02 0.00002 0.03394 


10/15/2020 1:08 PM 1198.60 0.02 0.00002 0.04051 


10/15/2020 1:09 PM 972.66 0.02 0.00002 0.03288 


10/15/2020 1:10 PM 931.10 0.02 0.00002 0.03147 


10/15/2020 1:11 PM 1094.49 0.02 0.00002 0.03699 


10/15/2020 1:12 PM 1268.91 0.02 0.00002 0.04289 


10/15/2020 1:13 PM 1256.61 0.02 0.00002 0.04247 







10/15/2020 1:14 PM 1246.85 0.02 0.00002 0.04214 


10/15/2020 1:15 PM 955.90 0.02 0.00002 0.03231 


10/15/2020 1:16 PM 1064.42 0.02 0.00002 0.03598 


10/15/2020 1:17 PM 1187.67 0.02 0.00002 0.04014 


10/15/2020 1:18 PM 1160.03 0.02 0.00002 0.03921 


10/15/2020 1:19 PM 1072.00 0.02 0.00002 0.03623 


10/15/2020 1:20 PM 1174.35 0.02 0.00002 0.03969 


10/15/2020 1:21 PM 1275.22 0.02 0.00002 0.04310 


10/15/2020 1:22 PM 1099.33 0.02 0.00002 0.03716 


10/15/2020 1:23 PM 1084.04 0.02 0.00002 0.03664 


10/15/2020 1:24 PM 1156.74 0.02 0.00002 0.03910 


10/15/2020 1:25 PM 1123.29 0.02 0.00002 0.03797 


10/15/2020 1:26 PM 1109.48 0.02 0.00002 0.03750 


10/15/2020 1:27 PM 1060.20 0.02 0.00002 0.03583 


10/15/2020 1:28 PM 1117.52 0.02 0.00002 0.03777 


10/15/2020 1:29 PM 1025.19 0.02 0.00002 0.03465 


10/15/2020 1:30 PM 1101.76 0.02 0.00002 0.03724 


10/15/2020 1:31 PM 1075.81 0.02 0.00002 0.03636 


10/15/2020 1:32 PM 1057.37 0.02 0.00002 0.03574 


10/15/2020 1:33 PM 1101.05 0.02 0.00002 0.03722 


10/15/2020 1:34 PM 1091.86 0.02 0.00002 0.03691 


10/15/2020 1:35 PM 1075.52 0.02 0.00002 0.03635 


10/15/2020 1:36 PM 1198.12 0.02 0.00002 0.04050 


10/15/2020 1:37 PM 1119.93 0.02 0.00002 0.03785 


10/15/2020 1:38 PM 1212.66 0.02 0.00002 0.04099 


10/15/2020 1:39 PM 1000.68 0.02 0.00002 0.03382 


10/15/2020 1:40 PM 916.51 0.02 0.00002 0.03098 


10/15/2020 1:41 PM 1095.64 0.02 0.00002 0.03703 


10/15/2020 1:42 PM 1106.91 0.02 0.00002 0.03741 


10/15/2020 1:43 PM 1117.56 0.02 0.00002 0.03777 


10/15/2020 1:44 PM 722.45 0.02 0.00001 0.02442 


10/15/2020 1:45 PM 937.24 0.02 0.00002 0.03168 


10/15/2020 1:46 PM 770.73 0.02 0.00001 0.02605 


10/15/2020 1:47 PM 880.87 0.02 0.00001 0.02977 


10/15/2020 1:48 PM 1032.98 0.02 0.00002 0.03491 


10/15/2020 1:49 PM 1075.35 0.02 0.00002 0.03635 


10/15/2020 1:50 PM 1085.95 0.02 0.00002 0.03671 


10/15/2020 1:51 PM 1129.21 0.02 0.00002 0.03817 


10/15/2020 1:52 PM 916.32 0.02 0.00002 0.03097 


10/15/2020 1:53 PM 1008.05 0.02 0.00002 0.03407 







10/15/2020 1:54 PM 1153.73 0.02 0.00002 0.03900 


10/15/2020 1:55 PM 1073.33 0.02 0.00002 0.03628 


10/15/2020 1:56 PM 1114.34 0.02 0.00002 0.03766 


10/15/2020 1:57 PM 842.24 0.02 0.00001 0.02847 


10/15/2020 1:58 PM 758.68 0.02 0.00001 0.02564 


10/15/2020 1:59 PM 303.04 0.02 0.00001 0.01024 


10/15/2020 2:00 PM 648.75 0.02 0.00001 0.02193 


10/15/2020 2:01 PM 380.68 0.02 0.00001 0.01287 


10/15/2020 2:02 PM 323.34 0.02 0.00001 0.01093 


10/15/2020 2:03 PM 678.76 0.02 0.00001 0.02294 


10/15/2020 2:04 PM 755.75 0.02 0.00001 0.02554 


10/15/2020 2:05 PM 361.73 0.02 0.00001 0.01223 


10/15/2020 2:06 PM 360.53 0.02 0.00001 0.01219 


10/15/2020 2:07 PM 554.92 0.02 0.00001 0.01876 


10/15/2020 2:08 PM 391.33 0.02 0.00001 0.01323 


10/15/2020 2:09 PM 292.37 0.02 0.00000 0.00988 


10/15/2020 2:10 PM 357.90 0.02 0.00001 0.01210 


10/15/2020 2:11 PM 632.78 0.02 0.00001 0.02139 


10/15/2020 2:12 PM 335.97 0.02 0.00001 0.01136 


10/15/2020 2:13 PM 423.03 0.02 0.00001 0.01430 


10/15/2020 2:14 PM 492.72 0.02 0.00001 0.01665 


10/15/2020 2:15 PM 314.98 0.02 0.00001 0.01065 


10/15/2020 2:16 PM 334.44 0.02 0.00001 0.01130 


10/15/2020 2:17 PM 476.45 0.02 0.00001 0.01610 


10/15/2020 2:18 PM 267.16 0.02 0.00000 0.00903 


10/15/2020 2:19 PM 386.94 0.02 0.00001 0.01308 


10/15/2020 2:20 PM 483.77 0.02 0.00001 0.01635 


10/15/2020 2:21 PM 287.87 0.02 0.00000 0.00973 


10/15/2020 2:22 PM 563.39 0.02 0.00001 0.01904 


10/15/2020 2:23 PM 341.45 0.02 0.00001 0.01154 


10/15/2020 2:24 PM 312.31 0.02 0.00001 0.01056 


10/15/2020 2:25 PM 464.45 0.02 0.00001 0.01570 


10/15/2020 2:26 PM 429.02 0.02 0.00001 0.01450 


10/15/2020 2:27 PM 314.38 0.02 0.00001 0.01063 


10/15/2020 2:28 PM 392.20 0.02 0.00001 0.01326 


10/15/2020 2:29 PM 438.11 0.02 0.00001 0.01481 


10/15/2020 2:30 PM 255.81 0.02 0.00000 0.00865 


10/15/2020 2:31 PM 419.89 0.02 0.00001 0.01419 


10/15/2020 2:32 PM 499.32 0.02 0.00001 0.01688 


10/15/2020 2:33 PM 363.75 0.02 0.00001 0.01229 







10/15/2020 2:34 PM 418.35 0.02 0.00001 0.01414 


10/15/2020 2:35 PM 550.97 0.02 0.00001 0.01862 


10/15/2020 2:36 PM 340.44 0.02 0.00001 0.01151 


10/15/2020 2:37 PM 332.31 0.02 0.00001 0.01123 


10/15/2020 2:38 PM 342.17 0.02 0.00001 0.01157 


10/15/2020 2:39 PM 314.61 0.02 0.00001 0.01063 


10/15/2020 2:40 PM 547.73 0.02 0.00001 0.01851 


10/15/2020 2:41 PM 378.11 0.02 0.00001 0.01278 


10/15/2020 2:42 PM 378.53 0.02 0.00001 0.01279 


10/15/2020 2:43 PM 392.30 0.02 0.00001 0.01326 


10/15/2020 2:44 PM 400.26 0.02 0.00001 0.01353 


10/15/2020 2:45 PM 374.24 0.02 0.00001 0.01265 


10/15/2020 2:46 PM 339.63 0.02 0.00001 0.01148 


10/15/2020 2:47 PM 380.99 0.02 0.00001 0.01288 


10/15/2020 2:48 PM 415.34 0.02 0.00001 0.01404 


10/15/2020 2:49 PM 398.08 0.02 0.00001 0.01346 


10/15/2020 2:50 PM 315.29 0.02 0.00001 0.01066 


10/15/2020 2:51 PM 282.32 0.02 0.00000 0.00954 


10/15/2020 2:52 PM 314.89 0.02 0.00001 0.01064 


10/15/2020 2:53 PM 360.88 0.02 0.00001 0.01220 


10/15/2020 2:54 PM 376.85 0.02 0.00001 0.01274 


10/15/2020 2:55 PM 387.72 0.02 0.00001 0.01310 


10/15/2020 2:56 PM 311.20 0.02 0.00001 0.01052 


10/15/2020 2:57 PM 311.79 0.02 0.00001 0.01054 


10/15/2020 2:58 PM 371.17 0.02 0.00001 0.01255 


10/15/2020 2:59 PM 352.54 0.02 0.00001 0.01192 


10/15/2020 3:00 PM 634.27 0.02 0.00001 0.02144 


10/15/2020 3:01 PM 382.77 0.02 0.00001 0.01294 


10/15/2020 3:02 PM 394.35 0.02 0.00001 0.01333 


10/15/2020 3:03 PM 549.34 0.02 0.00001 0.01857 


10/15/2020 3:04 PM 324.90 0.02 0.00001 0.01098 


10/15/2020 3:05 PM 452.90 0.02 0.00001 0.01531 


10/15/2020 3:06 PM 379.31 0.02 0.00001 0.01282 


10/15/2020 3:07 PM 565.06 0.02 0.00001 0.01910 


10/15/2020 3:08 PM 312.21 0.02 0.00001 0.01055 


10/15/2020 3:09 PM 388.07 0.02 0.00001 0.01312 


10/15/2020 3:10 PM 284.58 0.02 0.00000 0.00962 


10/15/2020 3:11 PM 407.81 0.02 0.00001 0.01378 


10/15/2020 3:12 PM 307.71 0.02 0.00001 0.01040 


10/15/2020 3:13 PM 313.81 0.02 0.00001 0.01061 







10/15/2020 3:14 PM 140.20 0.02 0.00000 0.00474 


10/15/2020 3:15 PM 223.52 0.02 0.00000 0.00756 


10/15/2020 3:16 PM 116.33 0.02 0.00000 0.00393 


10/15/2020 3:17 PM 205.53 0.02 0.00000 0.00695 


10/15/2020 3:18 PM 176.90 0.02 0.00000 0.00598 


10/15/2020 3:19 PM 161.74 0.02 0.00000 0.00547 


10/15/2020 3:20 PM 190.09 0.02 0.00000 0.00642 


10/15/2020 3:21 PM 222.83 0.02 0.00000 0.00753 


10/15/2020 3:22 PM 214.41 0.02 0.00000 0.00725 


10/15/2020 3:23 PM 271.67 0.02 0.00000 0.00918 


10/15/2020 3:24 PM 246.68 0.02 0.00000 0.00834 


10/15/2020 3:25 PM 176.69 0.02 0.00000 0.00597 


10/15/2020 3:26 PM 256.05 0.02 0.00000 0.00865 


10/15/2020 3:27 PM 255.91 0.02 0.00000 0.00865 


10/15/2020 3:28 PM 363.88 0.02 0.00001 0.01230 


10/15/2020 3:29 PM 367.59 0.02 0.00001 0.01242 


10/15/2020 3:30 PM 336.25 0.02 0.00001 0.01137 


10/15/2020 3:31 PM 350.58 0.02 0.00001 0.01185 


10/15/2020 3:32 PM 403.81 0.02 0.00001 0.01365 


10/15/2020 3:33 PM 412.51 0.02 0.00001 0.01394 


10/15/2020 3:34 PM 478.78 0.02 0.00001 0.01618 


10/15/2020 3:35 PM 444.76 0.02 0.00001 0.01503 


10/15/2020 3:36 PM 353.22 0.02 0.00001 0.01194 


10/15/2020 3:37 PM 331.77 0.02 0.00001 0.01121 


10/15/2020 3:38 PM 350.56 0.02 0.00001 0.01185 


10/15/2020 3:39 PM 312.98 0.02 0.00001 0.01058 


10/15/2020 3:40 PM 352.24 0.02 0.00001 0.01191 


10/15/2020 3:41 PM 412.17 0.02 0.00001 0.01393 


10/15/2020 3:42 PM 261.55 0.02 0.00000 0.00884 


10/15/2020 3:43 PM 396.75 0.02 0.00001 0.01341 


10/15/2020 3:44 PM 412.05 0.02 0.00001 0.01393 


10/15/2020 3:45 PM 305.84 0.02 0.00001 0.01034 


10/15/2020 3:46 PM 420.35 0.02 0.00001 0.01421 


10/15/2020 3:47 PM 230.03 0.02 0.00000 0.00778 


10/15/2020 3:48 PM 441.41 0.02 0.00001 0.01492 


10/15/2020 3:49 PM 327.78 0.02 0.00001 0.01108 


10/15/2020 3:50 PM 532.35 0.02 0.00001 0.01799 


10/15/2020 3:51 PM 352.62 0.02 0.00001 0.01192 


10/15/2020 3:52 PM 258.61 0.02 0.00000 0.00874 


10/15/2020 3:53 PM 376.36 0.02 0.00001 0.01272 







10/15/2020 3:54 PM 279.28 0.02 0.00000 0.00944 


10/15/2020 3:55 PM 289.40 0.02 0.00000 0.00978 


10/15/2020 3:56 PM 510.10 0.02 0.00001 0.01724 


10/15/2020 3:57 PM 388.65 0.02 0.00001 0.01314 


10/15/2020 3:58 PM 361.93 0.02 0.00001 0.01223 


10/15/2020 3:59 PM 376.39 0.02 0.00001 0.01272 


10/15/2020 4:00 PM 316.62 0.02 0.00001 0.01070 


10/15/2020 4:01 PM 360.46 0.02 0.00001 0.01218 


10/15/2020 4:02 PM 394.79 0.02 0.00001 0.01334 


10/15/2020 4:03 PM 224.51 0.02 0.00000 0.00759 


10/15/2020 4:04 PM 445.15 0.02 0.00001 0.01505 


10/15/2020 4:05 PM 250.29 0.02 0.00000 0.00846 


10/15/2020 4:06 PM 665.88 0.02 0.00001 0.02251 


10/15/2020 4:07 PM 288.20 0.02 0.00000 0.00974 


10/15/2020 4:08 PM 548.60 0.02 0.00001 0.01854 


10/15/2020 4:09 PM 303.60 0.02 0.00001 0.01026 


10/15/2020 4:10 PM 454.34 0.02 0.00001 0.01536 


10/15/2020 4:11 PM 305.76 0.02 0.00001 0.01033 


10/15/2020 4:12 PM 390.28 0.02 0.00001 0.01319 


10/15/2020 4:13 PM 529.55 0.02 0.00001 0.01790 


10/15/2020 4:14 PM 237.28 0.02 0.00000 0.00802 


10/15/2020 4:15 PM 344.62 0.02 0.00001 0.01165 


10/15/2020 4:16 PM 484.04 0.02 0.00001 0.01636 


10/15/2020 4:17 PM 248.10 0.02 0.00000 0.00839 


10/15/2020 4:18 PM 466.38 0.02 0.00001 0.01576 


10/15/2020 4:19 PM 493.33 0.02 0.00001 0.01667 


10/15/2020 4:20 PM 267.58 0.02 0.00000 0.00904 


10/15/2020 4:21 PM 327.14 0.02 0.00001 0.01106 


10/15/2020 4:22 PM 434.36 0.02 0.00001 0.01468 


10/15/2020 4:23 PM 334.54 0.02 0.00001 0.01131 


10/15/2020 4:24 PM 359.19 0.02 0.00001 0.01214 


10/15/2020 4:25 PM 404.83 0.02 0.00001 0.01368 


10/15/2020 4:26 PM 353.21 0.02 0.00001 0.01194 


10/15/2020 4:27 PM 355.89 0.02 0.00001 0.01203 


10/15/2020 4:28 PM 429.21 0.02 0.00001 0.01451 


10/15/2020 4:29 PM 293.96 0.02 0.00000 0.00994 


10/15/2020 4:30 PM 356.69 0.02 0.00001 0.01206 


10/15/2020 4:31 PM 419.48 0.02 0.00001 0.01418 


10/15/2020 4:32 PM 516.57 0.02 0.00001 0.01746 


10/15/2020 4:33 PM 317.81 0.02 0.00001 0.01074 







10/15/2020 4:34 PM 342.36 0.02 0.00001 0.01157 


10/15/2020 4:35 PM 442.85 0.02 0.00001 0.01497 


10/15/2020 4:36 PM 324.78 0.02 0.00001 0.01098 


10/15/2020 4:37 PM 375.33 0.02 0.00001 0.01269 


10/15/2020 4:38 PM 490.22 0.02 0.00001 0.01657 


10/15/2020 4:39 PM 306.65 0.02 0.00001 0.01036 


10/15/2020 4:40 PM 321.31 0.02 0.00001 0.01086 


10/15/2020 4:41 PM 370.61 0.02 0.00001 0.01253 


10/15/2020 4:42 PM 496.00 0.02 0.00001 0.01676 


10/15/2020 4:43 PM 381.21 0.02 0.00001 0.01289 


10/15/2020 4:44 PM 445.02 0.02 0.00001 0.01504 


10/15/2020 4:45 PM 356.61 0.02 0.00001 0.01205 


10/15/2020 4:46 PM 404.02 0.02 0.00001 0.01366 


10/15/2020 4:47 PM 444.00 0.02 0.00001 0.01501 


10/15/2020 4:48 PM 480.12 0.02 0.00001 0.01623 


10/15/2020 4:49 PM 391.94 0.02 0.00001 0.01325 


10/15/2020 4:50 PM 538.62 0.02 0.00001 0.01821 


10/15/2020 4:51 PM 305.68 0.02 0.00001 0.01033 


10/15/2020 4:52 PM 67.93 0.02 0.00000 0.00230 


10/15/2020 4:53 PM 653.34 0.02 0.00001 0.02208 


10/15/2020 4:54 PM 427.97 0.02 0.00001 0.01447 


10/15/2020 4:55 PM 378.22 0.02 0.00001 0.01278 


10/15/2020 4:56 PM 201.60 0.02 0.00000 0.00681 


10/15/2020 4:57 PM 331.21 0.02 0.00001 0.01119 


10/15/2020 4:58 PM 205.74 0.02 0.00000 0.00695 


10/15/2020 4:59 PM 235.81 0.02 0.00000 0.00797 


10/15/2020 5:00 PM 298.14 0.02 0.00001 0.01008 


10/15/2020 5:01 PM 292.05 0.02 0.00000 0.00987 


10/15/2020 5:02 PM 273.76 0.02 0.00000 0.00925 


10/15/2020 5:03 PM 207.68 0.02 0.00000 0.00702 


10/15/2020 5:04 PM 310.49 0.02 0.00001 0.01049 


10/15/2020 5:05 PM 1021.19 0.02 0.00002 0.03452 


10/15/2020 5:06 PM 1197.79 0.02 0.00002 0.04049 


10/15/2020 5:07 PM 324.72 0.02 0.00001 0.01098 


 
















 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident  
(December 3, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A - 
20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or long-
term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring Incident 
attributable to the start up or shut down of a unit that Lion Oil has previously analyzed 
under this Paragraph 21, Lion Oil may identify such prior analysis when submitting 
the report required under this Paragraph 21.”   
 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on December 3, 2019, at 
approximately 0928 hours and lasted until approximately 1245 hours on the same day. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.82 tons (~ 1,647 lbs) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph §20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
 
  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Hydrocarbon Flaring Incident resulting from the same Root Cause 
or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
 







 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Hydrocarbon Flaring Incident, detailed in 
the Root Cause Analysis required under Paragraph §20.A.iv and provided in 
Appendix B of this response, has been identified and hereby submitted within the 
45-day time period following the Hydrocarbon Flaring Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has completed the implementation of the 
corrective actions identified in the Root Cause Analysis as described in Appendix 
B. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(December 3, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Hydrocarbon 
Flaring  


Incident Start 
Date: 


December 3, 2019 Time: ~ 0928 hours 


Incident End 
Date: 


December 3, 2019 Time:  ~ 1245 hours 


Investigation 
Start Date: 


December 3, 2019 
Incident 
Duration: 


197 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 1,647 Tons: 0.82 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


12/3/2019 0928-1245 hours 197 LP Flare (SN-823) 
 


Investigation Team Members: Title: 
1. Kevin Thomas Area Supervisor 
2. Julia Vido Reliability Engineer 
3. Wesley Shelby Inspector 
4. Jeff Savage Maintenance Execution Superintendent 


 
 
Investigation and Analysis: 
 
On December 3, 2019 at approximately 0928 hours the El Dorado Refinery (EDR) experienced a 
Hydrocarbon Flaring Incident that lasted intermittently until approximately 1245 hours on the 
same day. 
 
Sulfur dioxide (SO2) emissions occurred from the Low Pressure (LP) Flare (Emission Source 
Number SN-823) due to a Pressure Safety Valve (PSV) malfunction.  The #5 Alkylate Unit “A” 
Condenser PSV malfunctioned; consequently, the PSV inadvertently relieved below its set 
pressure allowing excess gas into the flare system which resulted in a LP flaring event.  The 
condenser was isolated from the process allowing the PSV to close; thus, stopping the flaring 
event.  The PSV was subsequently pulled, replaced, and safely brought online.   
  







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (December 3, 2019) 
Investigation and Root Cause 
 
A pre-pop test and tear down was performed on the removed PSV.  It was determined that a broken 
spring allowed the PSV seat to lift below its set pressure resulting in a flaring event.  In addition, 
PSV accelerated corrosion is suspected due to increased feed resulting in non-condensed gas and 
elevated temperature excursions from the Diethanolamine (DEA) Overhead Condenser being fed 
to the flare system.  The condenser was pulled and cleaned which increased the condensing process 
and lowered product temperatures. 
 
Root Causes: 
    


1. The PSV spring broke allowing the PSV seat to lift below its set pressure, which resulted 
in a LP flaring event. 


2. Contributing factor of increased feed resulting in non-condensed process gas and elevated 
temperature excursions from the DEA Overhead Condenser. 


 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Maintenance pulled and replaced 
the malfunctioning PSV.   


Jeff Savage 
Maintenance 


Execution 
Superintendent 


12/17/19 12/17/19 


Pulled and cleaned DEA 
Overhead Condenser 


Jeff Savage 
Maintenance 


Execution 
Superintendent 


12/17/19 12/17/19 


Evaluate PSV inspection 
procedures for continuous 
improvement opportunities and to 
eliminate malfunctioning PSVs. 


Wesley 
Shelby Inspector 12/3/19 1/9/2020 


Monitor the replaced PSV based 
on operating conditions, 
equipment and other factors that 
may have contributed to the spring 
failure.  


Wesley 
Shelby Inspector 12/17/19 


12/17/19 
(Ongoing) 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(December 3, 2019) 
Emissions Quantity 


 
Event Overview 


Total Amount of 
SO2 (tons) 


Low Pressure (LP) Flare (SN-823) 0.82 


Event (Total) 0.82 


Average SO2 
Emission Rate 


(lb/hr) 


LP Flare (SN-823) 502 


Event (Total) 502 


 
 
The hydrocarbon flaring event data that populated the table above is as follows for the Low Pressure Flare 
(SN-823). 
 
 


Low Pressure Flare (SN-823) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


12/3/2019 9:28 AM 71.28 10.40 0.00063 1.25282 


12/3/2019 9:29 AM 17.92 10.40 0.00016 0.31499 


12/3/2019 9:30 AM 24.46 10.40 0.00021 0.42990 


12/3/2019 9:31 AM 290.78 10.40 0.00255 5.11066 


12/3/2019 9:32 AM 315.29 10.40 0.00277 5.54148 


12/3/2019 9:33 AM 139.33 10.40 0.00122 2.44886 


12/3/2019 9:34 AM 82.32 10.40 0.00072 1.44685 


12/3/2019 9:35 AM 114.37 10.40 0.00100 2.01017 


12/3/2019 9:36 AM 176.81 10.40 0.00155 3.10765 


12/3/2019 9:37 AM 208.37 10.40 0.00183 3.66237 


12/3/2019 9:38 AM 204.45 10.40 0.00179 3.59339 


12/3/2019 9:39 AM 221.44 10.40 0.00194 3.89209 


12/3/2019 9:40 AM 240.28 10.40 0.00211 4.22324 


12/3/2019 9:41 AM 244.27 10.40 0.00214 4.29323 


12/3/2019 9:42 AM 264.45 10.40 0.00232 4.64805 


12/3/2019 9:43 AM 310.77 10.40 0.00273 5.46216 







12/3/2019 9:44 AM 319.42 10.40 0.00280 5.61416 


12/3/2019 9:45 AM 340.40 10.40 0.00299 5.98281 


12/3/2019 9:46 AM 342.88 10.40 0.00301 6.02644 


12/3/2019 9:47 AM 321.18 10.40 0.00282 5.64499 


12/3/2019 9:48 AM 232.98 10.40 0.00205 4.09488 


12/3/2019 9:49 AM 232.07 10.40 0.00204 4.07888 


12/3/2019 9:50 AM 241.84 10.40 0.00212 4.25058 


12/3/2019 9:51 AM 352.30 10.40 0.00309 6.19204 


12/3/2019 9:52 AM 304.66 10.40 0.00267 5.35472 


12/3/2019 9:53 AM 278.80 10.40 0.00245 4.90012 


12/3/2019 9:54 AM 342.73 10.40 0.00301 6.02387 


12/3/2019 9:55 AM 338.78 10.40 0.00297 5.95443 


12/3/2019 9:56 AM 316.84 10.40 0.00278 5.56886 


12/3/2019 9:57 AM 369.31 10.40 0.00324 6.49098 


12/3/2019 9:58 AM 418.40 10.40 0.00367 7.35383 


12/3/2019 9:59 AM 381.32 10.40 0.00335 6.70212 


12/3/2019 10:00 AM 370.55 10.40 0.00325 6.51279 


12/3/2019 10:01 AM 376.52 10.40 0.00330 6.61766 


12/3/2019 10:02 AM 454.54 10.40 0.00399 7.98898 


12/3/2019 10:03 AM 445.77 10.40 0.00391 7.83493 


12/3/2019 10:04 AM 427.01 10.40 0.00375 7.50516 


12/3/2019 10:05 AM 391.42 10.40 0.00344 6.87963 


12/3/2019 10:06 AM 425.75 10.40 0.00374 7.48300 


12/3/2019 10:07 AM 411.11 10.40 0.00361 7.22565 


12/3/2019 10:08 AM 432.12 10.40 0.00379 7.59490 


12/3/2019 10:09 AM 399.14 10.40 0.00350 7.01524 


12/3/2019 10:10 AM 420.14 10.40 0.00369 7.38442 


12/3/2019 10:11 AM 428.40 10.40 0.00376 7.52956 


12/3/2019 10:12 AM 515.66 10.40 0.00453 9.06330 


12/3/2019 10:13 AM 495.53 10.40 0.00435 8.70936 


12/3/2019 10:14 AM 464.07 10.40 0.00407 8.15643 


12/3/2019 10:15 AM 439.08 10.40 0.00385 7.71725 


12/3/2019 10:16 AM 254.60 10.40 0.00223 4.47483 


12/3/2019 10:17 AM 134.52 10.40 0.00118 2.36440 


12/3/2019 10:18 AM 56.96 10.40 0.00050 1.00120 


12/3/2019 10:19 AM 163.81 10.40 0.00144 2.87914 


12/3/2019 10:20 AM 573.74 10.40 0.00504 10.08397 


12/3/2019 10:21 AM 843.23 10.40 0.00740 14.82066 


12/3/2019 10:22 AM 651.03 10.40 0.00571 11.44247 


12/3/2019 10:23 AM 771.27 10.40 0.00677 13.55588 







12/3/2019 10:24 AM 855.36 10.40 0.00751 15.03383 


12/3/2019 10:25 AM 1030.64 10.40 0.00905 18.11445 


12/3/2019 10:26 AM 1062.93 10.40 0.00933 18.68209 


12/3/2019 10:27 AM 1031.07 10.40 0.00905 18.12213 


12/3/2019 10:28 AM 899.30 10.40 0.00789 15.80606 


12/3/2019 10:29 AM 856.26 12.40 0.00896 17.94381 


12/3/2019 10:30 AM 785.19 12.40 0.00822 16.45447 


12/3/2019 10:31 AM 743.29 12.40 0.00778 15.57635 


12/3/2019 10:32 AM 778.36 12.40 0.00815 16.31128 


12/3/2019 10:33 AM 807.12 12.40 0.00845 16.91405 


12/3/2019 10:34 AM 762.04 12.40 0.00798 15.96941 


12/3/2019 10:35 AM 740.14 12.40 0.00775 15.51041 


12/3/2019 10:36 AM 748.44 12.40 0.00783 15.68435 


12/3/2019 10:37 AM 851.66 12.40 0.00891 17.84735 


12/3/2019 10:38 AM 800.11 12.40 0.00837 16.76719 


12/3/2019 10:39 AM 890.40 12.40 0.00932 18.65912 


12/3/2019 10:40 AM 1001.10 12.40 0.01048 20.97911 


12/3/2019 10:41 AM 974.86 12.40 0.01020 20.42911 


12/3/2019 10:42 AM 1031.43 12.40 0.01079 21.61470 


12/3/2019 10:43 AM 1058.14 12.40 0.01107 22.17441 


12/3/2019 10:44 AM 996.97 12.40 0.01043 20.89248 


12/3/2019 10:45 AM 978.53 12.40 0.01024 20.50602 


12/3/2019 10:46 AM 944.51 12.40 0.00988 19.79306 


12/3/2019 10:47 AM 934.39 12.40 0.00978 19.58099 


12/3/2019 10:48 AM 830.17 12.40 0.00869 17.39712 


12/3/2019 10:49 AM 816.37 12.40 0.00854 17.10790 


12/3/2019 10:50 AM 745.72 12.40 0.00780 15.62738 


12/3/2019 10:51 AM 744.50 12.40 0.00779 15.60181 


12/3/2019 10:52 AM 769.88 12.40 0.00806 16.13368 


12/3/2019 10:53 AM 807.07 12.40 0.00845 16.91300 


12/3/2019 10:54 AM 688.95 12.40 0.00721 14.43762 


12/3/2019 10:55 AM 748.45 12.40 0.00783 15.68450 


12/3/2019 10:56 AM 721.84 12.40 0.00755 15.12689 


12/3/2019 10:57 AM 728.89 12.40 0.00763 15.27465 


12/3/2019 10:58 AM 722.75 12.40 0.00756 15.14599 


12/3/2019 10:59 AM 612.64 12.40 0.00641 12.83844 


12/3/2019 11:00 AM 653.67 12.40 0.00684 13.69829 


12/3/2019 11:01 AM 692.23 12.40 0.00724 14.50630 


12/3/2019 11:02 AM 671.88 12.40 0.00703 14.07986 


12/3/2019 11:03 AM 710.41 12.40 0.00743 14.88733 







12/3/2019 11:04 AM 653.02 12.40 0.00683 13.68467 


12/3/2019 11:05 AM 638.94 12.40 0.00669 13.38967 


12/3/2019 11:06 AM 652.29 12.40 0.00683 13.66936 


12/3/2019 11:07 AM 676.47 12.40 0.00708 14.17612 


12/3/2019 11:08 AM 662.53 12.40 0.00693 13.88404 


12/3/2019 11:09 AM 624.52 12.40 0.00654 13.08746 


12/3/2019 11:10 AM 670.49 12.40 0.00702 14.05084 


12/3/2019 11:11 AM 623.72 12.40 0.00653 13.07065 


12/3/2019 11:12 AM 602.30 12.40 0.00630 12.62169 


12/3/2019 11:13 AM 490.67 12.40 0.00514 10.28256 


12/3/2019 11:14 AM 538.66 12.40 0.00564 11.28823 


12/3/2019 11:15 AM 493.60 12.40 0.00517 10.34394 


12/3/2019 11:16 AM 576.05 12.40 0.00603 12.07162 


12/3/2019 11:17 AM 1302.28 12.40 0.01363 27.29057 


12/3/2019 11:18 AM 1827.45 12.40 0.01913 38.29597 


12/3/2019 11:19 AM 1718.47 12.40 0.01798 36.01226 


12/3/2019 11:20 AM 1474.04 12.40 0.01543 30.89000 


12/3/2019 11:21 AM 1219.70 12.40 0.01276 25.55995 


12/3/2019 11:22 AM 981.50 12.40 0.01027 20.56829 


12/3/2019 11:23 AM 851.61 12.40 0.00891 17.84642 


12/3/2019 11:24 AM 845.02 12.40 0.00884 17.70814 


12/3/2019 11:25 AM 807.08 12.40 0.00845 16.91320 


12/3/2019 11:26 AM 711.38 12.40 0.00745 14.90766 


12/3/2019 11:27 AM 710.02 12.40 0.00743 14.87909 


12/3/2019 11:28 AM 709.96 12.40 0.00743 14.87792 


12/3/2019 11:29 AM 711.31 3.40 0.00204 4.08718 


12/3/2019 11:30 AM 773.93 3.40 0.00222 4.44698 


12/3/2019 11:31 AM 850.93 3.40 0.00244 4.88943 


12/3/2019 11:32 AM 827.05 3.40 0.00237 4.75225 


12/3/2019 11:33 AM 750.67 3.40 0.00215 4.31336 


12/3/2019 11:34 AM 761.62 3.40 0.00219 4.37627 


12/3/2019 11:35 AM 696.05 3.40 0.00200 3.99948 


12/3/2019 11:36 AM 672.58 3.40 0.00193 3.86463 


12/3/2019 11:37 AM 663.95 3.40 0.00191 3.81504 


12/3/2019 11:38 AM 719.00 3.40 0.00206 4.13138 


12/3/2019 11:39 AM 654.51 3.40 0.00188 3.76082 


12/3/2019 11:40 AM 624.40 3.40 0.00179 3.58782 


12/3/2019 11:41 AM 572.95 3.40 0.00164 3.29218 


12/3/2019 11:42 AM 676.43 3.40 0.00194 3.88678 


12/3/2019 11:43 AM 687.27 3.40 0.00197 3.94904 







12/3/2019 11:44 AM 596.29 3.40 0.00171 3.42628 


12/3/2019 11:45 AM 589.11 3.40 0.00169 3.38504 


12/3/2019 11:46 AM 563.47 3.40 0.00162 3.23769 


12/3/2019 11:47 AM 657.73 3.40 0.00189 3.77934 


12/3/2019 11:48 AM 610.07 3.40 0.00175 3.50544 


12/3/2019 11:49 AM 602.45 3.40 0.00173 3.46168 


12/3/2019 11:50 AM 624.05 3.40 0.00179 3.58576 


12/3/2019 11:51 AM 646.15 3.40 0.00185 3.71278 


12/3/2019 11:52 AM 621.01 3.40 0.00178 3.56830 


12/3/2019 11:53 AM 568.76 3.40 0.00163 3.26809 


12/3/2019 11:54 AM 600.21 3.40 0.00172 3.44879 


12/3/2019 11:55 AM 599.29 3.40 0.00172 3.44351 


12/3/2019 11:56 AM 478.31 3.40 0.00137 2.74838 


12/3/2019 11:57 AM 536.84 3.40 0.00154 3.08466 


12/3/2019 11:58 AM 514.40 3.40 0.00148 2.95576 


12/3/2019 11:59 AM 485.56 3.40 0.00139 2.79001 


12/3/2019 12:00 PM 480.24 3.40 0.00138 2.75946 


12/3/2019 12:01 PM 491.49 3.40 0.00141 2.82408 


12/3/2019 12:02 PM 555.16 3.40 0.00159 3.18993 


12/3/2019 12:03 PM 540.79 3.40 0.00155 3.10740 


12/3/2019 12:04 PM 567.18 3.40 0.00163 3.25902 


12/3/2019 12:05 PM 550.00 3.40 0.00158 3.16030 


12/3/2019 12:06 PM 496.16 3.40 0.00142 2.85095 


12/3/2019 12:07 PM 457.71 3.40 0.00131 2.63001 


12/3/2019 12:08 PM 456.48 3.40 0.00131 2.62292 


12/3/2019 12:09 PM 508.54 3.40 0.00146 2.92209 


12/3/2019 12:10 PM 524.31 3.40 0.00150 3.01266 


12/3/2019 12:11 PM 512.61 3.40 0.00147 2.94547 


12/3/2019 12:12 PM 433.98 3.40 0.00125 2.49367 


12/3/2019 12:13 PM 407.61 3.40 0.00117 2.34213 


12/3/2019 12:14 PM 446.51 3.40 0.00128 2.56564 


12/3/2019 12:15 PM 467.47 3.40 0.00134 2.68608 


12/3/2019 12:16 PM 400.14 3.40 0.00115 2.29918 


12/3/2019 12:17 PM 439.55 3.40 0.00126 2.52563 


12/3/2019 12:18 PM 487.68 3.40 0.00140 2.80220 


12/3/2019 12:19 PM 475.63 3.40 0.00136 2.73299 


12/3/2019 12:20 PM 484.67 3.40 0.00139 2.78491 


12/3/2019 12:21 PM 502.09 3.40 0.00144 2.88499 


12/3/2019 12:22 PM 394.38 3.40 0.00113 2.26608 


12/3/2019 12:23 PM 385.76 3.40 0.00111 2.21658 







12/3/2019 12:24 PM 443.59 3.40 0.00127 2.54886 


12/3/2019 12:25 PM 470.01 3.40 0.00135 2.70066 


12/3/2019 12:26 PM 474.29 3.40 0.00136 2.72529 


12/3/2019 12:27 PM 429.69 3.40 0.00123 2.46901 


12/3/2019 12:28 PM 451.22 3.40 0.00129 2.59274 


12/3/2019 12:29 PM 429.12 1.30 0.00047 0.94278 


12/3/2019 12:30 PM 468.70 1.30 0.00051 1.02974 


12/3/2019 12:31 PM 445.74 1.30 0.00049 0.97928 


12/3/2019 12:32 PM 395.44 1.30 0.00043 0.86878 


12/3/2019 12:33 PM 420.31 1.30 0.00046 0.92342 


12/3/2019 12:34 PM 382.48 1.30 0.00042 0.84031 


12/3/2019 12:35 PM 401.85 1.30 0.00044 0.88287 


12/3/2019 12:36 PM 380.80 1.30 0.00042 0.83661 


12/3/2019 12:37 PM 408.90 1.30 0.00045 0.89836 


12/3/2019 12:38 PM 305.94 1.30 0.00034 0.67214 


12/3/2019 12:39 PM 284.59 1.30 0.00031 0.62526 


12/3/2019 12:40 PM 258.30 1.30 0.00028 0.56750 


12/3/2019 12:41 PM 234.69 1.30 0.00026 0.51561 


12/3/2019 12:42 PM 243.33 1.30 0.00027 0.53461 


12/3/2019 12:43 PM 359.27 1.30 0.00039 0.78932 


12/3/2019 12:44 PM 231.52 1.30 0.00025 0.50865 
 

















































































 


 


APPENDIX A 


Lion Oil Company LLC (El Dorado Refinery) 


Tail Gas and Hydrocarbon Incident  
(February 14-18, 2021)  


Investigation and Reporting 
 
Lion Oil Company LLC (“Lion”) operates a petroleum refinery located in El Dorado (Union 
County), Arkansas (referred to hereafter as the “El Dorado Refinery” or “EDR”). 
 
Consent Decree Paragraph §21 – Control of Hydrocarbon Flaring Incidents 
 
Per Paragraph 21:  Control of Hydrocarbon Flaring and Incidents “For future Hydrocarbon 
Flaring Incidents, Lion Oil shall follow the same investigative, reporting, and corrective 
action procedures as those outlined in Paragraphs 20.A - 20.B for Acid Gas Flaring Incidents; 
provided however, that in lieu of analyzing possible corrective actions under Paragraph 
20.A.v and taking interim and/or long-term corrective action under Paragraph 20.B.i for a 
Hydrocarbon Flaring Incident attributable to the start up or shut down of a unit that Lion Oil 
has previously analyzed under this Paragraph 21, Lion Oil may identify such prior analysis 
when submitting the report required under this Paragraph 21.” 


 
Consent Decree Paragraph §20.E – Tail Gas Incidents 
 
Per Paragraph 20.E: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow the same 
investigative, reporting, corrective action and assessment of stipulated penalty procedures as 
those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring Incidents.  Those procedures 
shall be applied to TGU shutdowns, bypasses of a TGU, unscheduled shutdowns of a Sulfur 
Recovery Plant, or other miscellaneous unscheduled Sulfur Recovery Plant events which result 
in a Tail Gas Incident.  The investigative and corrective action procedures are applicable 
through and after termination of the Consent Decree.” 


 
Consent Decree Paragraph §20.A – Investigation and Reporting 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the extent 


that the Acid Gas Flaring Incident involved multiple releases either within a twenty-four 
(24) hour period or within subsequent, contiguous, non-overlapping twenty-four (24) 
hour periods, Lion Oil shall set forth the starting and ending dates and times of each 
release; 


 
Response:  
The Tail Gas Incident commenced on February 14, 2021, at approximately 1400 hours and 
lasted until approximately 0600 hours on February 16, 2021. 
 
The Hydrocarbon Flaring Incident commenced on February 14, 2021, at approximately 1209 
hours and lasted until approximately 1045 hours on February 18, 2021.  


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations that 
were used to determine that quantity; 


 







 


Response:  


Approximately a total of 1.31 tons (~ 2,625 lbs) of sulfur dioxide was emitted during the Tail 
Gas and Hydrocarbon Flaring Incident.  Appendix C of this response includes the quantity of 
sulfur dioxide as determined by the calculation methods from the Consent Decree specified 
under Paragraph §20.E and §20.D for the Tail Gas and Hydrocarbon Flaring Incident 
respectively. 


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur dioxide 


emissions associated with the Acid Gas Flaring Incident; 
 


Response:  
 
EDR Operations and Maintenance personnel responded in a safe manner consistent with 
minimizing the duration and emissions from the Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of that Acid 


Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause and all 
contributing causes of the Tail Gas and Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of a 


recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause or 
contributing causes in the future. The analysis shall discuss the alternatives, if any, that 
are available, the probable effectiveness and cost of the alternatives, and whether or not 
an outside consultant should be retained to assist in the analysis. Possible design, 
operation and maintenance changes shall be evaluated. If Lion Oil concludes that 
corrective action(s) is (are) required under Paragraph 20.B, the report shall include a 
description of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. If Lion Oil 
concludes that corrective action is not required under Paragraph 20.B, the report shall 
explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, available 
and/or corrective actions necessary, if any, to reduce the likelihood of recurrence of a Tail 
Gas and/or Hydrocarbon Flaring Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated penalties in 


Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  not the Acid Gas 
Flaring Incident falls under any of those grounds; (b) if an Acid  Gas Flaring  Incident  falls 
under  Paragraph  20.C.iii  of this  Decree, describes which Paragraph (20.C.iii.a or 
20.C.iii.b) applies and why; and (c) if an Acid Gas Flaring Incident falls under either 
Paragraph 20.C.ii or Paragraph 20.C.iii.b, states whether or not Lion Oil asserts a defense 
to the Flaring Incident, and if so, a description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  







 


 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate greater 
than 20.0 pounds for a total of nine (9) hours.  Three (3) Tail Gas Incidents occurred in a 
rolling 12-month period prior to the Tail Gas Incident on February 14-18, 2021. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions still are 
underway on the due date of the report, a statement of the anticipated date by which a 
follow-up report fully conforming to the requirements of this Paragraph 20.A.iv and 
20.A.v shall be submitted; provided, however, that if Lion Oil has not submitted a report 
or a series of reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or such additional 
time as EPA may allow) after the due date for the initial report for the Acid Gas Flaring 
Incident, the stipulated penalty provisions of Paragraph 49 shall apply, but Lion Oil shall 
retain the right to dispute, under the dispute resolution provision of this Consent Decree, 
any demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  Nothing 
in this Paragraph shall be deemed to excuse Lion Oil from its investigation, reporting, 
and corrective action obligations under this Section for any Acid Gas Flaring Incident 
which occurs after an Acid Gas Flaring Incident for which Lion Oil has requested an 
extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas and Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph §20.A.iv and provided in 
Appendix B of this response, has been identified and hereby submitted within the 45-day 
time period following the Tail Gas and Hydrocarbon Flaring Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, is not 


finalized at the time of the submission of the report required under this Paragraph, then, 
by no later than thirty (30) days after completion of the implementation of corrective 
action(s), Lion Oil shall submit a report identifying the corrective action(s) taken and the 
dates of commencement and completion of implementation. 
 
Response:  
As of the date of this report, the EDR has not completed the implementation of the 
corrective actions identified in the Root Cause Analysis as described in Appendix B.  The 
completion of these corrective actions associated with the Root Cause Analysis will be 
communicated under the Paragraph 20 and 21 portions of the EDR Semi-Annual Consent 
Decree Progress Report for the applicable period.  
 


 







APPENDIX B 
Lion Oil Company LLC (El Dorado Refinery) 
Tail Gas and Hydrocarbon Flaring Incident  


(February 14-18, 2021)  
Investigation and Root Cause 


 
 


Incident Site: 
 


Lion Oil Company LLC (El 
Dorado Refinery)  
El Dorado, Arkansas 


Incident Type:  
Tail Gas and 
Hydrocarbon Flaring 


Incident Start 
Date: 


February 14, 2021 Time: ~ 1209 hours 


Incident End 
Date: 


February 18, 2021 Time:  ~ 1010 hours 


Investigation 
Start Date: 


February 14, 2021 
Incident 
Duration: 


5,641 minutes * 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: ~ 2,625 Tons: 1.31 
*Note: Please reference the following table for information about the event times and associated 
source.   
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


2/14-18/2021 1209 hours - 1010 hours* 3,217 HP Flare (SN-822) 
2/14-18/2021 1430 hours - 1045 hours* 350  LP Flare (SN-823) 


2/14-16/2021 1400 hours - 0600 hours 2,460 
SRU Incinerator Stack 


(SN-844) 
*Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members Title 
1. John Callahan Operations Manager 
2. Al Lehman Area Supervisor 


3. Chris Thomas 
Operations Maintenance 
Coordinator 


 
Lion Oil Company LLC (“Lion”) operates a petroleum refinery located in El Dorado (Union 
County), Arkansas (referred to hereafter as the “El Dorado Refinery” or “EDR”). 
 
Investigation and Analysis: 
 
On February 14, 2021, at approximately 1209 hours the EDR experienced a Tail Gas and 
Hydrocarbon Flaring incident that lasted until approximately 1045 hours on February 18, 2021.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU), High Pressure 
(HP) Flare, and Low Pressure (LP) Flare due to an unplanned refinery-wide shut down after the 







Appendix B 
Lion Oil Company LLC (El Dorado Refinery) 
Tail Gas and Hydrocarbon Flaring Incident (February 14-18, 2021) 
Investigation and Root Cause 
 
loss of all three refinery boilers (Boilers 18, 19, and 20) on February 14, 2020 as ambient 
temperatures were in the low 20 degrees Fahrenheit (oF) range with higher than normal wind 
speeds causing the refinery low pressure fuel gas system transmitter sensing line to freeze.  This 
resulted in an overload on the pressure sensor which mirrored a pressure increase.  This split ranged 
controller regulates natural gas and fuel gas to all three refinery boilers and releases excess fuel 
gas to the refinery flare system during times of fuel gas surplus.  Once the transmitter’s sensing 
line froze, the readings showed a false fuel gas pressure increase that interrupted natural gas and 
fuel gas flow to all three boilers.  This led to the transmitter control function indicating excess fuel 
gas; therefore, shutting off natural gas and fuel gas to the fuel system and routing fuel gas to the 
refinery’s flare system.  As a result, all three boilers tripped offline shutting down steam production 
to the entire refinery.  The EDR safety systems operated as designed as process units were 
shutdown following standard operating procedures and placed in safe mode.   
 
The extent of the incident was prolonged due to extreme historical winter weather conditions (10-
12” snow accumulation combined with ice, freezing rain, sleet, sustained ambient temperatures 
well below 32 degrees Fahrenheit (oF) over four consecutive days including nighttime lows in the 
teens/single digits, and low temperature wind chills approaching 0oF) experienced during the week 
inhibiting multiple refinery systems from functioning normally; consequently, leading to 
additional labor intensive start-up processes for the boilers and other refinery operating units.   
 
Root Cause: 
    


1. The direct cause is attributed to shutdown of all three boilers resulting in a complete 
steam loss to the refinery.  The current control scheme of refinery fuel gas system 
relies on a single transmitter reading.      


2. The freeze potential hazard of this single transmitter could have been mitigated 
better prior to experiencing the extreme historical winter weather conditions.  


 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item Responsible Party Title 
Date 


Started 


Date 
Completed 


Replace sensing line 
piping with pressure 
transmitter being short 
coupled and self-draining. 


Jeff Savage 
Maintenance Execution 


Superintendent 
2/14/21 2/14/21 


Evaluate EDR 
winterization measures 
including the 
identification of specific 


John Callahan 
Al Lehman 


Operations Manager 
Area Supervisor 


2/14/21 2/18/21 







Appendix B 
Lion Oil Company LLC (El Dorado Refinery) 
Tail Gas and Hydrocarbon Flaring Incident (February 14-18, 2021) 
Investigation and Root Cause 
 


control transmitters for 
continuous improvement 
opportunities. 
Review and eliminate any 
single point of control on 
refinery fuel supply 
system.  Add additional 
alarming from 
independent transmitters. 


Christopher Woodyard Process Controls Engineer 2/14/21 6/1/21 


Establish a refinery 
standard that provides for 
the evaluation of the need 
for and installation of 
temporary insulation once 
permanent insulation has 
been removed for 
inspection, repair, or 
future replacement. 


Wes Hendrickson Maintenance Manager 2/14/21 6/30/21 


 
 
 







APPENDIX C 
Lion Oil Company LLC (El Dorado Refinery) 
Tail Gas and Hydrocarbon Flaring Incident 


(February 14-18, 2021) 
Emissions Quantity 


 
The following Tail Gas incident data that populates the table below is from the Sulfur Recovery Unit (SRU) 
Incinerator Stack (SN-844). 


 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm Rolling 
12 hour average 


(dry, 0% O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN STACK 
SO2 PPM (dry, 


@ 0% O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 
2/14/2021 14:00 16,754.00 1,497.74 14.61 236,436.19 6.85 11,272.39 33.51 
2/14/2021 15:00 16,754.00 2,887.06 466.00 155,849.36 12.14 7,040.03 29.10 
2/14/2021 16:00 16,754.00 4,276.31 466.00 154,491.05 12.21 6,986.27 43.70 
2/14/2021 17:00 16,754.00 5,663.95 466.00 155,237.76 12.22 6,979.58 58.99 
2/14/2021 18:00 16,754.00 7,053.34 466.00 188,244.17 10.67 8,219.09 105.94 
2/14/2021 19:00 16,754.00 8,442.81 466.00 163,603.06 12.61 6,669.06 89.87 
2/14/2021 20:00 16,754.00 9,831.47 466.00 165,814.12 12.48 6,770.59 108.15 
2/14/2021 21:00 16,754.00 11,219.50 466.00 169,557.54 13.33 6,091.56 113.85 
2/14/2021 22:00 16,754.00 12,606.20 466.00 168,881.05 16.52 3,538.97 73.88 
2/14/2021 23:00 465.51 12,634.75 466.00 117,223.35 19.96 21.87 11.01 
2/15/2021 0:00 414.90 12,654.37 0.32 205,064.78 20.00 18.74 18.51 
2/15/2021 1:00 414.90 12,673.44 0.08 205,064.78 20.00 18.74 18.54 
2/15/2021 2:00 414.90 11,311.85 0.03 205,064.78 20.00 18.74 16.51 
2/15/2021 3:00 414.90 9,950.26 0.02 205,064.78 20.00 18.74 14.48 
2/15/2021 4:00 414.90 8,588.67 0.01 205,064.78 20.00 18.74 12.44 
2/15/2021 5:00 414.90 7,227.07 0.01 205,064.78 20.00 18.74 10.41 
2/15/2021 6:00 414.90 5,865.48 0.00 205,064.78 20.00 18.74 8.38 
2/15/2021 7:00 414.90 4,503.89 0.00 205,064.78 20.00 18.74 6.35 
2/15/2021 8:00 414.90 3,142.30 0.00 205,064.78 20.00 18.74 4.32 
2/15/2021 9:00 414.90 1,780.71 0.00 205,064.78 20.00 18.74 2.28 
2/15/2021 10:00 135.58 395.84 9.39 56,670.98 18.57 15.4 0.16 
2/15/2021 11:00 852.54 428.09 24.24 170,536.64 12.84 329.73 1.98 
2/15/2021 12:00 713.48 452.97 21.61 153,741.23 15.43 187.96 1.38 
2/15/2021 13:00 391.84 451.05 11.10 169,471.54 11.03 185.58 2.72 
2/15/2021 14:00 389.87 448.96 11.32 169,908.65 12.51 157.11 2.29 
2/15/2021 15:00 350.44 443.59 9.94 169,978.58 12.56 140.32 2.22 
2/15/2021 16:00 314.75 435.25 8.96 169,670.23 12.65 124.67 2.10 
2/15/2021 17:00 372.83 431.74 10.26 170,574.26 12.78 145.39 2.04 
2/15/2021 18:00 387.25 429.44 10.77 171,189.24 12.91 148.56 1.98 







Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm Rolling 
12 hour average 


(dry, 0% O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN STACK 
SO2 PPM (dry, 


@ 0% O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 
Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 
2/15/2021 19:00 537.10 439.62 15.84 174,171.59 12.63 213.3 2.21 
2/15/2021 20:00 385.26 437.15 10.65 171,114.96 12.93 147.35 2.06 
2/15/2021 21:00 319.69 429.22 9.13 169,645.40 12.97 121.76 1.95 
2/15/2021 22:00 282.77 441.48 7.83 168,973.17 12.99 107.41 2.07 
2/15/2021 23:00 256.84 391.84 7.17 169,120.31 13.08 96.4 1.52 
2/16/2021 0:00 246.39 352.92 7.12 168,832.51 13.13 91.92 1.09 
2/16/2021 1:00 235.11 339.86 6.57 167,869.66 13.17 87.31 0.94 
2/16/2021 2:00 226.56 326.25 6.23 165,438.95 13.34 82.28 0.77 
2/16/2021 3:00 213.69 314.85 5.92 165,907.73 13.41 76.84 0.65 
2/16/2021 4:00 206.22 305.81 5.61 165,259.55 13.43 73.99 0.56 
2/16/2021 5:00 207.86 292.06 6.37 164,386.72 12.32 85.57 0.48 
2/16/2021 6:00 0.00 259.79 0.00 165,230.63 13.42 0 0.10 


Tail Gas Total Amount 
of SO2 


lbs 811.5 
tons 0.41 


 
 


Event Overview (Hydrocarbon Flaring Contribution Only) 
Total Amount of 
Sulfur Dioxide 


(SO2) 
 (tons) 


High Pressure (HP) Flare (SN-822) 0.8 


Low Pressure (LP) Flare (SN-823) 0.1 


Event (Total) ~ 0.9 


Average SO2 
Emission Rate 


(lb/hr) 


HP Flare (SN-822) 29.7 


LP Flare (SN-823) 39.1 


Event (Total) 68.8 


 
The data that contributes to the population of the Hydrocarbon event overview table shown above is as 
follows for the HP Flare (SN-822) and LP Flare (SN-823), respectively. 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 12:09 PM 1282.99 0.49 0.00053 1.06244 


2/14/2021 12:10 PM 3548.99 0.49 0.00147 2.93892 


2/14/2021 12:11 PM 2512.61 0.49 0.00104 2.08070 


2/14/2021 12:12 PM 1844.80 0.49 0.00076 1.52768 


2/14/2021 12:13 PM 1269.46 0.49 0.00052 1.05124 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 12:14 PM 892.51 0.49 0.00037 0.73909 


2/14/2021 12:15 PM 638.30 0.49 0.00026 0.52858 


2/14/2021 12:16 PM 459.03 0.49 0.00019 0.38012 


2/14/2021 12:17 PM 433.77 0.49 0.00018 0.35920 


2/14/2021 12:18 PM 313.98 0.49 0.00013 0.26001 


2/14/2021 12:19 PM 359.42 0.49 0.00015 0.29764 


2/14/2021 12:20 PM 202.83 0.49 0.00008 0.16796 


2/14/2021 12:21 PM 156.03 0.49 0.00006 0.12921 


2/14/2021 12:57 PM 809.04 0.49 0.00033 0.66997 


2/14/2021 12:58 PM 797.59 0.49 0.00033 0.66048 


2/14/2021 12:59 PM 392.84 0.49 0.00016 0.32531 


2/14/2021 2:33 PM 340.16 0.10 0.00003 0.05749 


2/14/2021 2:34 PM 883.04 0.10 0.00007 0.14923 


2/14/2021 2:35 PM 36.35 0.10 0.00000 0.00614 


2/14/2021 2:36 PM 10.73 0.10 0.00000 0.00181 


2/14/2021 3:14 PM 661.15 0.10 0.00006 0.11173 


2/14/2021 3:15 PM 229.38 0.10 0.00002 0.03877 


2/14/2021 3:16 PM 202.70 0.10 0.00002 0.03426 


2/14/2021 3:17 PM 262.66 0.10 0.00002 0.04439 


2/14/2021 3:18 PM 138.87 0.10 0.00001 0.02347 


2/14/2021 3:19 PM 54.12 0.10 0.00000 0.00915 


2/14/2021 5:16 PM 63.93 0.02 0.00000 0.00216 


2/14/2021 5:17 PM 1625.23 0.02 0.00003 0.05493 


2/14/2021 5:18 PM 1662.94 0.02 0.00003 0.05621 


2/14/2021 5:19 PM 238.44 0.02 0.00000 0.00806 


2/14/2021 5:20 PM 49.06 0.02 0.00000 0.00166 


2/14/2021 5:21 PM 46.98 0.02 0.00000 0.00159 


2/14/2021 5:22 PM 129.32 0.02 0.00000 0.00437 


2/14/2021 5:23 PM 183.39 0.02 0.00000 0.00620 


2/14/2021 5:24 PM 122.69 0.02 0.00000 0.00415 


2/14/2021 5:25 PM 142.76 0.02 0.00000 0.00483 


2/14/2021 5:26 PM 148.83 0.02 0.00000 0.00503 


2/14/2021 5:27 PM 65.99 0.02 0.00000 0.00223 


2/14/2021 5:28 PM 138.56 0.02 0.00000 0.00468 


2/14/2021 5:29 PM 158.96 0.02 0.00000 0.00537 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 5:30 PM 146.47 0.02 0.00000 0.00495 


2/14/2021 5:31 PM 97.68 0.02 0.00000 0.00330 


2/14/2021 5:32 PM 102.18 0.02 0.00000 0.00345 


2/14/2021 5:33 PM 83.95 0.02 0.00000 0.00284 


2/14/2021 5:34 PM 171.70 0.02 0.00000 0.00580 


2/14/2021 5:35 PM 152.55 0.02 0.00000 0.00516 


2/14/2021 5:36 PM 115.84 0.02 0.00000 0.00392 


2/14/2021 5:37 PM 124.66 0.02 0.00000 0.00421 


2/14/2021 5:38 PM 139.60 0.02 0.00000 0.00472 


2/14/2021 5:39 PM 230.47 0.02 0.00000 0.00779 


2/14/2021 5:40 PM 151.40 0.02 0.00000 0.00512 


2/14/2021 5:41 PM 116.15 0.02 0.00000 0.00393 


2/14/2021 5:42 PM 166.38 0.02 0.00000 0.00562 


2/14/2021 5:43 PM 126.62 0.02 0.00000 0.00428 


2/14/2021 5:44 PM 223.87 0.02 0.00000 0.00757 


2/14/2021 5:45 PM 200.79 0.02 0.00000 0.00679 


2/14/2021 5:46 PM 161.58 0.02 0.00000 0.00546 


2/14/2021 5:47 PM 107.70 0.02 0.00000 0.00364 


2/14/2021 5:48 PM 173.13 0.02 0.00000 0.00585 


2/14/2021 5:49 PM 218.04 0.02 0.00000 0.00737 


2/14/2021 5:50 PM 178.24 0.02 0.00000 0.00602 


2/14/2021 5:51 PM 278.56 0.02 0.00000 0.00942 


2/14/2021 5:52 PM 213.81 0.02 0.00000 0.00723 


2/14/2021 5:53 PM 182.24 0.02 0.00000 0.00616 


2/14/2021 5:54 PM 251.44 0.02 0.00000 0.00850 


2/14/2021 5:55 PM 121.03 0.02 0.00000 0.00409 


2/14/2021 5:56 PM 163.46 0.02 0.00000 0.00553 


2/14/2021 5:57 PM 231.18 0.02 0.00000 0.00781 


2/14/2021 5:58 PM 141.44 0.02 0.00000 0.00478 


2/14/2021 5:59 PM 164.29 0.02 0.00000 0.00555 


2/14/2021 6:00 PM 325.12 0.02 0.00001 0.01099 


2/14/2021 6:01 PM 264.10 0.02 0.00000 0.00893 


2/14/2021 6:02 PM 274.14 0.02 0.00000 0.00927 


2/14/2021 6:03 PM 312.48 0.02 0.00001 0.01056 


2/14/2021 6:04 PM 222.07 0.02 0.00000 0.00751 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 6:05 PM 256.82 0.02 0.00000 0.00868 


2/14/2021 6:06 PM 307.89 0.02 0.00001 0.01041 


2/14/2021 6:07 PM 259.65 0.02 0.00000 0.00878 


2/14/2021 6:08 PM 248.00 0.02 0.00000 0.00838 


2/14/2021 6:09 PM 260.57 0.02 0.00000 0.00881 


2/14/2021 6:10 PM 288.16 0.02 0.00000 0.00974 


2/14/2021 6:11 PM 269.11 0.02 0.00000 0.00910 


2/14/2021 6:12 PM 307.34 0.02 0.00001 0.01039 


2/14/2021 6:13 PM 345.54 0.02 0.00001 0.01168 


2/14/2021 6:14 PM 306.77 0.02 0.00001 0.01037 


2/14/2021 6:15 PM 314.67 0.02 0.00001 0.01064 


2/14/2021 6:16 PM 303.92 0.02 0.00001 0.01027 


2/14/2021 6:17 PM 232.28 0.02 0.00000 0.00785 


2/14/2021 6:18 PM 266.40 0.02 0.00000 0.00900 


2/14/2021 6:19 PM 262.68 0.02 0.00000 0.00888 


2/14/2021 6:20 PM 256.67 0.02 0.00000 0.00868 


2/14/2021 6:21 PM 239.97 0.02 0.00000 0.00811 


2/14/2021 6:22 PM 270.02 0.02 0.00000 0.00913 


2/14/2021 6:23 PM 296.51 0.02 0.00001 0.01002 


2/14/2021 6:24 PM 288.72 0.02 0.00000 0.00976 


2/14/2021 6:25 PM 250.76 0.49 0.00010 0.20765 


2/14/2021 6:26 PM 237.50 0.49 0.00010 0.19668 


2/14/2021 6:27 PM 208.78 0.49 0.00009 0.17289 


2/14/2021 6:28 PM 228.97 0.49 0.00009 0.18961 


2/14/2021 6:29 PM 264.05 0.49 0.00011 0.21866 


2/14/2021 6:30 PM 230.72 0.49 0.00010 0.19106 


2/14/2021 6:31 PM 209.72 0.49 0.00009 0.17367 


2/14/2021 6:32 PM 238.83 0.49 0.00010 0.19777 


2/14/2021 6:33 PM 227.89 0.49 0.00009 0.18872 


2/14/2021 6:34 PM 280.13 0.49 0.00012 0.23197 


2/14/2021 6:35 PM 299.68 0.49 0.00012 0.24817 


2/14/2021 6:36 PM 250.95 0.49 0.00010 0.20781 


2/14/2021 6:37 PM 311.40 0.49 0.00013 0.25787 


2/14/2021 6:38 PM 289.28 0.49 0.00012 0.23955 


2/14/2021 6:39 PM 278.17 0.49 0.00012 0.23035 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 6:40 PM 261.70 0.49 0.00011 0.21671 


2/14/2021 6:41 PM 258.95 0.49 0.00011 0.21443 


2/14/2021 6:42 PM 230.81 0.49 0.00010 0.19113 


2/14/2021 6:43 PM 200.95 0.49 0.00008 0.16640 


2/14/2021 6:44 PM 257.87 0.49 0.00011 0.21354 


2/14/2021 6:45 PM 285.36 0.49 0.00012 0.23630 


2/14/2021 6:46 PM 238.74 0.49 0.00010 0.19770 


2/14/2021 6:47 PM 271.53 0.49 0.00011 0.22486 


2/14/2021 6:48 PM 194.17 0.49 0.00008 0.16080 


2/14/2021 6:49 PM 247.36 0.49 0.00010 0.20484 


2/14/2021 6:50 PM 941.06 0.49 0.00039 0.77929 


2/14/2021 6:51 PM 1355.08 0.49 0.00056 1.12214 


2/14/2021 6:52 PM 1110.50 0.49 0.00046 0.91960 


2/14/2021 6:53 PM 1075.60 0.49 0.00044 0.89070 


2/14/2021 6:54 PM 1165.28 0.49 0.00048 0.96497 


2/14/2021 6:55 PM 1123.12 0.49 0.00046 0.93005 


2/14/2021 6:56 PM 1028.70 0.49 0.00043 0.85187 


2/14/2021 6:57 PM 1080.35 0.49 0.00045 0.89464 


2/14/2021 6:58 PM 1043.91 0.49 0.00043 0.86447 


2/14/2021 6:59 PM 989.38 0.49 0.00041 0.81930 


2/14/2021 7:00 PM 961.26 0.49 0.00040 0.79602 


2/14/2021 7:01 PM 935.37 0.49 0.00039 0.77458 


2/14/2021 7:02 PM 1027.92 0.49 0.00043 0.85122 


2/14/2021 7:03 PM 990.12 0.49 0.00041 0.81992 


2/14/2021 7:04 PM 1005.20 0.49 0.00042 0.83240 


2/14/2021 7:05 PM 990.09 0.49 0.00041 0.81990 


2/14/2021 7:06 PM 948.98 0.49 0.00039 0.78585 


2/14/2021 7:07 PM 931.97 0.49 0.00039 0.77177 


2/14/2021 7:08 PM 944.11 0.49 0.00039 0.78182 


2/14/2021 7:09 PM 1055.51 0.49 0.00044 0.87406 


2/14/2021 7:10 PM 948.13 0.49 0.00039 0.78514 


2/14/2021 7:11 PM 913.36 0.49 0.00038 0.75636 


2/14/2021 7:12 PM 1018.18 0.49 0.00042 0.84315 


2/14/2021 7:13 PM 1046.45 0.49 0.00043 0.86657 


2/14/2021 7:14 PM 1194.91 0.49 0.00049 0.98951 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 7:15 PM 1204.37 0.49 0.00050 0.99734 


2/14/2021 7:16 PM 1134.54 0.49 0.00047 0.93952 


2/14/2021 7:17 PM 882.67 0.49 0.00037 0.73094 


2/14/2021 7:18 PM 1086.46 0.49 0.00045 0.89970 


2/14/2021 7:19 PM 1142.07 0.49 0.00047 0.94575 


2/14/2021 7:20 PM 1083.85 0.49 0.00045 0.89754 


2/14/2021 7:21 PM 1062.31 0.49 0.00044 0.87970 


2/14/2021 7:22 PM 1339.17 0.49 0.00055 1.10897 


2/14/2021 7:23 PM 1086.22 0.49 0.00045 0.89950 


2/14/2021 7:24 PM 1031.46 0.49 0.00043 0.85415 


2/14/2021 7:25 PM 974.62 0.02 0.00002 0.03294 


2/14/2021 7:26 PM 921.00 0.02 0.00002 0.03113 


2/14/2021 7:27 PM 938.77 0.02 0.00002 0.03173 


2/14/2021 7:28 PM 1098.45 0.02 0.00002 0.03713 


2/14/2021 7:29 PM 1092.32 0.02 0.00002 0.03692 


2/14/2021 7:30 PM 1021.04 0.02 0.00002 0.03451 


2/14/2021 7:31 PM 1192.27 0.02 0.00002 0.04030 


2/14/2021 7:32 PM 1137.09 0.02 0.00002 0.03843 


2/14/2021 7:33 PM 1125.55 0.02 0.00002 0.03804 


2/14/2021 7:34 PM 1304.32 0.02 0.00002 0.04409 


2/14/2021 7:35 PM 1968.66 0.02 0.00003 0.06654 


2/14/2021 7:36 PM 2050.04 0.02 0.00003 0.06929 


2/14/2021 7:37 PM 2039.85 0.02 0.00003 0.06895 


2/14/2021 7:38 PM 2055.73 0.02 0.00003 0.06948 


2/14/2021 7:39 PM 2078.33 0.02 0.00004 0.07025 


2/14/2021 7:40 PM 1984.04 0.02 0.00003 0.06706 


2/14/2021 7:41 PM 1962.62 0.02 0.00003 0.06634 


2/14/2021 7:42 PM 1924.22 0.02 0.00003 0.06504 


2/14/2021 7:43 PM 1868.90 0.02 0.00003 0.06317 


2/14/2021 7:44 PM 1871.31 0.02 0.00003 0.06325 


2/14/2021 7:45 PM 1866.20 0.02 0.00003 0.06308 


2/14/2021 7:46 PM 1891.91 0.02 0.00003 0.06395 


2/14/2021 7:47 PM 1887.15 0.02 0.00003 0.06379 


2/14/2021 7:48 PM 1878.40 0.02 0.00003 0.06349 


2/14/2021 7:49 PM 1880.62 0.02 0.00003 0.06357 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 7:50 PM 1853.41 0.02 0.00003 0.06265 


2/14/2021 7:51 PM 1857.22 0.02 0.00003 0.06277 


2/14/2021 7:52 PM 1858.89 0.02 0.00003 0.06283 


2/14/2021 7:53 PM 1840.02 0.02 0.00003 0.06219 


2/14/2021 7:54 PM 1291.03 0.02 0.00002 0.04364 


2/14/2021 7:55 PM 877.67 0.02 0.00001 0.02967 


2/14/2021 7:56 PM 792.41 0.02 0.00001 0.02678 


2/14/2021 7:57 PM 658.97 0.02 0.00001 0.02227 


2/14/2021 7:58 PM 655.94 0.02 0.00001 0.02217 


2/14/2021 7:59 PM 691.22 0.02 0.00001 0.02336 


2/14/2021 8:00 PM 667.12 0.02 0.00001 0.02255 


2/14/2021 8:01 PM 631.78 0.02 0.00001 0.02135 


2/14/2021 8:02 PM 646.24 0.02 0.00001 0.02184 


2/14/2021 8:03 PM 660.39 0.02 0.00001 0.02232 


2/14/2021 8:04 PM 643.84 0.02 0.00001 0.02176 


2/14/2021 8:05 PM 611.94 0.02 0.00001 0.02068 


2/14/2021 8:06 PM 581.40 0.02 0.00001 0.01965 


2/14/2021 8:07 PM 500.36 0.02 0.00001 0.01691 


2/14/2021 8:08 PM 671.88 0.02 0.00001 0.02271 


2/14/2021 8:09 PM 743.16 0.02 0.00001 0.02512 


2/14/2021 8:10 PM 745.14 0.02 0.00001 0.02519 


2/14/2021 8:11 PM 778.48 0.02 0.00001 0.02631 


2/14/2021 8:12 PM 800.54 0.02 0.00001 0.02706 


2/14/2021 8:13 PM 770.07 0.02 0.00001 0.02603 


2/14/2021 8:14 PM 792.62 0.02 0.00001 0.02679 


2/14/2021 8:15 PM 726.02 0.02 0.00001 0.02454 


2/14/2021 8:16 PM 694.87 0.02 0.00001 0.02349 


2/14/2021 8:17 PM 793.09 0.02 0.00001 0.02681 


2/14/2021 8:18 PM 723.56 0.02 0.00001 0.02446 


2/14/2021 8:19 PM 761.13 0.02 0.00001 0.02573 


2/14/2021 8:20 PM 733.17 0.02 0.00001 0.02478 


2/14/2021 8:21 PM 731.32 0.02 0.00001 0.02472 


2/14/2021 8:22 PM 732.46 0.02 0.00001 0.02476 


2/14/2021 8:23 PM 771.55 0.02 0.00001 0.02608 


2/14/2021 8:24 PM 771.87 0.02 0.00001 0.02609 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 8:25 PM 726.92 0.02 0.00001 0.02457 


2/14/2021 8:26 PM 749.94 0.02 0.00001 0.02535 


2/14/2021 8:27 PM 721.71 0.02 0.00001 0.02439 


2/14/2021 8:28 PM 739.99 0.02 0.00001 0.02501 


2/14/2021 8:29 PM 710.81 0.02 0.00001 0.02403 


2/14/2021 8:30 PM 718.78 0.02 0.00001 0.02429 


2/14/2021 8:31 PM 699.27 0.02 0.00001 0.02364 


2/14/2021 8:32 PM 638.19 0.02 0.00001 0.02157 


2/14/2021 8:33 PM 685.64 0.02 0.00001 0.02317 


2/14/2021 8:34 PM 658.70 0.02 0.00001 0.02226 


2/14/2021 8:35 PM 613.16 0.02 0.00001 0.02072 


2/14/2021 8:36 PM 568.74 0.02 0.00001 0.01922 


2/14/2021 8:37 PM 538.74 0.02 0.00001 0.01821 


2/14/2021 8:38 PM 596.47 0.02 0.00001 0.02016 


2/14/2021 8:39 PM 602.56 0.02 0.00001 0.02037 


2/14/2021 8:40 PM 541.14 0.02 0.00001 0.01829 


2/14/2021 8:41 PM 567.86 0.02 0.00001 0.01919 


2/14/2021 8:42 PM 592.84 0.02 0.00001 0.02004 


2/14/2021 8:43 PM 602.97 0.02 0.00001 0.02038 


2/14/2021 8:44 PM 568.81 0.02 0.00001 0.01923 


2/14/2021 8:45 PM 390.25 0.02 0.00001 0.01319 


2/14/2021 8:46 PM 347.48 0.02 0.00001 0.01174 


2/14/2021 8:47 PM 308.31 0.02 0.00001 0.01042 


2/14/2021 8:48 PM 263.84 0.02 0.00000 0.00892 


2/14/2021 8:49 PM 239.53 0.02 0.00000 0.00810 


2/14/2021 8:50 PM 263.00 0.02 0.00000 0.00889 


2/14/2021 8:51 PM 245.09 0.02 0.00000 0.00828 


2/14/2021 8:52 PM 342.80 0.02 0.00001 0.01159 


2/14/2021 8:53 PM 272.82 0.02 0.00000 0.00922 


2/14/2021 8:54 PM 227.24 0.02 0.00000 0.00768 


2/14/2021 8:55 PM 224.30 0.02 0.00000 0.00758 


2/14/2021 8:56 PM 297.91 0.02 0.00001 0.01007 


2/14/2021 8:57 PM 260.27 0.02 0.00000 0.00880 


2/14/2021 8:58 PM 331.22 0.02 0.00001 0.01120 


2/14/2021 8:59 PM 314.39 0.02 0.00001 0.01063 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 9:00 PM 349.96 0.02 0.00001 0.01183 


2/14/2021 9:01 PM 298.18 0.02 0.00001 0.01008 


2/14/2021 9:02 PM 267.52 0.02 0.00000 0.00904 


2/14/2021 9:03 PM 227.15 0.02 0.00000 0.00768 


2/14/2021 9:04 PM 246.63 0.02 0.00000 0.00834 


2/14/2021 9:05 PM 276.99 0.02 0.00000 0.00936 


2/14/2021 9:06 PM 221.48 0.02 0.00000 0.00749 


2/14/2021 9:07 PM 241.37 0.02 0.00000 0.00816 


2/14/2021 9:08 PM 312.16 0.02 0.00001 0.01055 


2/14/2021 9:09 PM 342.50 0.02 0.00001 0.01158 


2/14/2021 9:10 PM 354.23 0.02 0.00001 0.01197 


2/14/2021 9:11 PM 340.13 0.02 0.00001 0.01150 


2/14/2021 9:12 PM 282.03 0.02 0.00000 0.00953 


2/14/2021 9:13 PM 307.92 0.02 0.00001 0.01041 


2/14/2021 9:14 PM 319.52 0.02 0.00001 0.01080 


2/14/2021 9:15 PM 285.22 0.02 0.00000 0.00964 


2/14/2021 9:16 PM 260.08 0.02 0.00000 0.00879 


2/14/2021 9:17 PM 283.49 0.02 0.00000 0.00958 


2/14/2021 9:18 PM 270.54 0.02 0.00000 0.00914 


2/14/2021 9:19 PM 316.05 0.02 0.00001 0.01068 


2/14/2021 9:20 PM 279.38 0.02 0.00000 0.00944 


2/14/2021 9:21 PM 287.61 0.02 0.00000 0.00972 


2/14/2021 9:22 PM 309.47 0.02 0.00001 0.01046 


2/14/2021 9:23 PM 283.96 0.02 0.00000 0.00960 


2/14/2021 9:24 PM 291.16 0.02 0.00000 0.00984 


2/14/2021 9:25 PM 311.23 0.02 0.00001 0.01052 


2/14/2021 9:26 PM 360.79 0.02 0.00001 0.01219 


2/14/2021 9:27 PM 359.02 0.02 0.00001 0.01213 


2/14/2021 9:28 PM 360.26 0.02 0.00001 0.01218 


2/14/2021 9:29 PM 370.92 0.02 0.00001 0.01254 


2/14/2021 9:30 PM 380.98 0.02 0.00001 0.01288 


2/14/2021 9:31 PM 431.89 0.02 0.00001 0.01460 


2/14/2021 9:32 PM 351.95 0.02 0.00001 0.01190 


2/14/2021 9:33 PM 370.48 0.02 0.00001 0.01252 


2/14/2021 9:34 PM 315.83 0.02 0.00001 0.01067 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 9:35 PM 318.29 0.02 0.00001 0.01076 


2/14/2021 9:36 PM 372.47 0.02 0.00001 0.01259 


2/14/2021 9:37 PM 319.39 0.02 0.00001 0.01080 


2/14/2021 9:38 PM 377.25 0.02 0.00001 0.01275 


2/14/2021 9:39 PM 345.03 0.02 0.00001 0.01166 


2/14/2021 9:40 PM 337.74 0.02 0.00001 0.01142 


2/14/2021 9:41 PM 325.79 0.02 0.00001 0.01101 


2/14/2021 9:42 PM 399.54 0.02 0.00001 0.01350 


2/14/2021 9:43 PM 385.01 0.02 0.00001 0.01301 


2/14/2021 9:44 PM 358.41 0.02 0.00001 0.01211 


2/14/2021 9:45 PM 416.20 0.02 0.00001 0.01407 


2/14/2021 9:46 PM 378.88 0.02 0.00001 0.01281 


2/14/2021 9:47 PM 334.99 0.02 0.00001 0.01132 


2/14/2021 9:48 PM 392.19 0.02 0.00001 0.01326 


2/14/2021 9:49 PM 379.16 0.02 0.00001 0.01282 


2/14/2021 9:50 PM 410.82 0.02 0.00001 0.01389 


2/14/2021 9:51 PM 337.68 0.02 0.00001 0.01141 


2/14/2021 9:52 PM 373.82 0.02 0.00001 0.01264 


2/14/2021 9:53 PM 435.18 0.02 0.00001 0.01471 


2/14/2021 9:54 PM 293.62 0.02 0.00000 0.00992 


2/14/2021 9:55 PM 363.06 0.02 0.00001 0.01227 


2/14/2021 9:56 PM 287.90 0.02 0.00000 0.00973 


2/14/2021 9:57 PM 369.11 0.02 0.00001 0.01248 


2/14/2021 9:58 PM 424.04 0.02 0.00001 0.01433 


2/14/2021 9:59 PM 374.56 0.02 0.00001 0.01266 


2/14/2021 10:00 PM 347.18 0.02 0.00001 0.01173 


2/14/2021 10:01 PM 443.61 0.02 0.00001 0.01499 


2/14/2021 10:02 PM 367.67 0.02 0.00001 0.01243 


2/14/2021 10:03 PM 355.08 0.02 0.00001 0.01200 


2/14/2021 10:04 PM 302.99 0.02 0.00001 0.01024 


2/14/2021 10:05 PM 376.48 0.02 0.00001 0.01273 


2/14/2021 10:06 PM 284.44 0.02 0.00000 0.00961 


2/14/2021 10:07 PM 381.65 0.02 0.00001 0.01290 


2/14/2021 10:08 PM 394.96 0.02 0.00001 0.01335 


2/14/2021 10:09 PM 474.19 0.02 0.00001 0.01603 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 10:10 PM 387.03 0.02 0.00001 0.01308 


2/14/2021 10:11 PM 513.03 0.02 0.00001 0.01734 


2/14/2021 10:12 PM 402.40 0.02 0.00001 0.01360 


2/14/2021 10:13 PM 356.33 0.02 0.00001 0.01204 


2/14/2021 10:14 PM 434.23 0.02 0.00001 0.01468 


2/14/2021 10:15 PM 331.35 0.02 0.00001 0.01120 


2/14/2021 10:16 PM 378.28 0.02 0.00001 0.01279 


2/14/2021 10:17 PM 380.04 0.02 0.00001 0.01285 


2/14/2021 10:18 PM 337.36 0.02 0.00001 0.01140 


2/14/2021 10:19 PM 387.78 0.02 0.00001 0.01311 


2/14/2021 10:20 PM 334.88 0.02 0.00001 0.01132 


2/14/2021 10:21 PM 443.97 0.02 0.00001 0.01501 


2/14/2021 10:22 PM 362.14 0.02 0.00001 0.01224 


2/14/2021 10:23 PM 318.57 0.02 0.00001 0.01077 


2/14/2021 10:24 PM 399.07 0.02 0.00001 0.01349 


2/14/2021 10:25 PM 468.73 0.02 0.00001 0.01584 


2/14/2021 10:26 PM 443.13 0.02 0.00001 0.01498 


2/14/2021 10:27 PM 458.70 0.02 0.00001 0.01550 


2/14/2021 10:28 PM 394.88 0.02 0.00001 0.01335 


2/14/2021 10:29 PM 451.70 0.02 0.00001 0.01527 


2/14/2021 10:30 PM 465.41 0.02 0.00001 0.01573 


2/14/2021 10:31 PM 440.87 0.02 0.00001 0.01490 


2/14/2021 10:32 PM 419.91 0.02 0.00001 0.01419 


2/14/2021 10:33 PM 431.20 0.02 0.00001 0.01457 


2/14/2021 10:34 PM 446.40 0.02 0.00001 0.01509 


2/14/2021 10:35 PM 482.44 0.02 0.00001 0.01631 


2/14/2021 10:36 PM 460.36 0.02 0.00001 0.01556 


2/14/2021 10:37 PM 488.97 0.02 0.00001 0.01653 


2/14/2021 10:38 PM 420.78 0.02 0.00001 0.01422 


2/14/2021 10:39 PM 434.53 0.02 0.00001 0.01469 


2/14/2021 10:40 PM 387.73 0.02 0.00001 0.01311 


2/14/2021 10:41 PM 415.84 0.02 0.00001 0.01406 


2/14/2021 10:42 PM 495.39 0.02 0.00001 0.01674 


2/14/2021 10:43 PM 399.38 0.02 0.00001 0.01350 


2/14/2021 10:44 PM 568.10 0.02 0.00001 0.01920 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 10:45 PM 442.01 0.02 0.00001 0.01494 


2/14/2021 10:46 PM 376.41 0.02 0.00001 0.01272 


2/14/2021 10:47 PM 600.71 0.02 0.00001 0.02030 


2/14/2021 10:48 PM 546.09 0.02 0.00001 0.01846 


2/14/2021 10:49 PM 544.89 0.02 0.00001 0.01842 


2/14/2021 10:50 PM 469.46 0.02 0.00001 0.01587 


2/14/2021 10:51 PM 419.72 0.02 0.00001 0.01419 


2/14/2021 10:52 PM 489.10 0.02 0.00001 0.01653 


2/14/2021 10:53 PM 500.37 0.02 0.00001 0.01691 


2/14/2021 10:54 PM 600.30 0.02 0.00001 0.02029 


2/14/2021 10:55 PM 550.31 0.02 0.00001 0.01860 


2/14/2021 10:56 PM 540.39 0.02 0.00001 0.01827 


2/14/2021 10:57 PM 501.74 0.02 0.00001 0.01696 


2/14/2021 10:58 PM 392.96 0.02 0.00001 0.01328 


2/14/2021 10:59 PM 421.19 0.02 0.00001 0.01424 


2/14/2021 11:00 PM 613.46 0.02 0.00001 0.02073 


2/14/2021 11:01 PM 512.24 0.02 0.00001 0.01731 


2/14/2021 11:02 PM 470.87 0.02 0.00001 0.01592 


2/14/2021 11:03 PM 550.70 0.02 0.00001 0.01861 


2/14/2021 11:04 PM 550.19 0.02 0.00001 0.01860 


2/14/2021 11:05 PM 528.16 0.02 0.00001 0.01785 


2/14/2021 11:06 PM 415.42 0.02 0.00001 0.01404 


2/14/2021 11:07 PM 482.37 0.02 0.00001 0.01630 


2/14/2021 11:08 PM 513.79 0.02 0.00001 0.01737 


2/14/2021 11:09 PM 448.51 0.02 0.00001 0.01516 


2/14/2021 11:10 PM 430.84 0.02 0.00001 0.01456 


2/14/2021 11:11 PM 391.72 0.02 0.00001 0.01324 


2/14/2021 11:12 PM 445.16 0.02 0.00001 0.01505 


2/14/2021 11:13 PM 403.40 0.02 0.00001 0.01363 


2/14/2021 11:14 PM 477.98 0.02 0.00001 0.01616 


2/14/2021 11:15 PM 484.50 0.02 0.00001 0.01638 


2/14/2021 11:16 PM 485.25 0.02 0.00001 0.01640 


2/14/2021 11:17 PM 480.65 0.02 0.00001 0.01625 


2/14/2021 11:18 PM 469.88 0.02 0.00001 0.01588 


2/14/2021 11:19 PM 441.34 0.02 0.00001 0.01492 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 11:20 PM 500.49 0.02 0.00001 0.01692 


2/14/2021 11:21 PM 457.49 0.02 0.00001 0.01546 


2/14/2021 11:22 PM 420.29 0.02 0.00001 0.01421 


2/14/2021 11:23 PM 439.37 0.02 0.00001 0.01485 


2/14/2021 11:24 PM 442.32 0.02 0.00001 0.01495 


2/14/2021 11:25 PM 438.41 0.02 0.00001 0.01482 


2/14/2021 11:26 PM 487.95 0.02 0.00001 0.01649 


2/14/2021 11:27 PM 551.78 0.02 0.00001 0.01865 


2/14/2021 11:28 PM 498.61 0.02 0.00001 0.01685 


2/14/2021 11:29 PM 502.34 0.02 0.00001 0.01698 


2/14/2021 11:30 PM 464.02 0.02 0.00001 0.01568 


2/14/2021 11:31 PM 334.73 0.02 0.00001 0.01131 


2/14/2021 11:32 PM 411.85 0.02 0.00001 0.01392 


2/14/2021 11:33 PM 342.75 0.02 0.00001 0.01158 


2/14/2021 11:34 PM 474.29 0.02 0.00001 0.01603 


2/14/2021 11:35 PM 386.49 0.02 0.00001 0.01306 


2/14/2021 11:36 PM 461.75 0.02 0.00001 0.01561 


2/14/2021 11:37 PM 350.49 0.02 0.00001 0.01185 


2/14/2021 11:38 PM 375.70 0.02 0.00001 0.01270 


2/14/2021 11:39 PM 425.22 0.02 0.00001 0.01437 


2/14/2021 11:40 PM 341.13 0.02 0.00001 0.01153 


2/14/2021 11:41 PM 311.84 0.02 0.00001 0.01054 


2/14/2021 11:42 PM 361.35 0.02 0.00001 0.01221 


2/14/2021 11:43 PM 410.25 0.02 0.00001 0.01387 


2/14/2021 11:44 PM 365.91 0.02 0.00001 0.01237 


2/14/2021 11:45 PM 376.70 0.02 0.00001 0.01273 


2/14/2021 11:46 PM 368.29 0.02 0.00001 0.01245 


2/14/2021 11:47 PM 309.17 0.02 0.00001 0.01045 


2/14/2021 11:48 PM 444.13 0.02 0.00001 0.01501 


2/14/2021 11:49 PM 499.49 0.02 0.00001 0.01688 


2/14/2021 11:50 PM 552.64 0.02 0.00001 0.01868 


2/14/2021 11:51 PM 378.92 0.02 0.00001 0.01281 


2/14/2021 11:52 PM 376.90 0.02 0.00001 0.01274 


2/14/2021 11:53 PM 430.41 0.02 0.00001 0.01455 


2/14/2021 11:54 PM 417.09 0.02 0.00001 0.01410 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/14/2021 11:55 PM 404.55 0.02 0.00001 0.01367 


2/14/2021 11:56 PM 347.02 0.02 0.00001 0.01173 


2/14/2021 11:57 PM 302.99 0.02 0.00001 0.01024 


2/14/2021 11:58 PM 283.37 0.02 0.00000 0.00958 


2/15/2021 12:00 AM 424.58 0.02 0.00001 0.01435 
2/15/2021 12:01 AM 361.07 0.02 0.00001 0.01220 


2/15/2021 12:02 AM 397.04 0.02 0.00001 0.01342 


2/15/2021 12:03 AM 331.42 0.02 0.00001 0.01120 


2/15/2021 12:04 AM 405.29 0.02 0.00001 0.01370 


2/15/2021 12:05 AM 438.52 0.02 0.00001 0.01482 


2/15/2021 12:06 AM 402.46 0.02 0.00001 0.01360 


2/15/2021 12:07 AM 339.83 0.02 0.00001 0.01149 


2/15/2021 12:08 AM 370.07 0.02 0.00001 0.01251 


2/15/2021 12:09 AM 424.66 0.02 0.00001 0.01435 


2/15/2021 12:10 AM 385.54 0.02 0.00001 0.01303 


2/15/2021 12:11 AM 376.40 0.02 0.00001 0.01272 


2/15/2021 12:12 AM 326.40 0.02 0.00001 0.01103 


2/15/2021 12:13 AM 368.73 0.02 0.00001 0.01246 


2/15/2021 12:14 AM 329.86 0.02 0.00001 0.01115 


2/15/2021 12:15 AM 323.02 0.02 0.00001 0.01092 


2/15/2021 12:16 AM 369.87 0.02 0.00001 0.01250 


2/15/2021 12:17 AM 480.34 0.02 0.00001 0.01624 


2/15/2021 12:18 AM 375.74 0.02 0.00001 0.01270 


2/15/2021 12:19 AM 380.17 0.02 0.00001 0.01285 


2/15/2021 12:20 AM 324.68 0.02 0.00001 0.01097 


2/15/2021 12:21 AM 364.72 0.02 0.00001 0.01233 


2/15/2021 12:22 AM 359.13 0.02 0.00001 0.01214 


2/15/2021 12:23 AM 370.04 0.02 0.00001 0.01251 


2/15/2021 12:24 AM 379.90 0.02 0.00001 0.01284 


2/15/2021 12:25 AM 489.14 0.02 0.00001 0.01653 


2/15/2021 12:26 AM 530.39 0.02 0.00001 0.01793 


2/15/2021 12:27 AM 383.04 0.02 0.00001 0.01295 


2/15/2021 12:28 AM 404.78 0.02 0.00001 0.01368 


2/15/2021 12:29 AM 431.47 0.02 0.00001 0.01458 


2/15/2021 12:30 AM 446.13 0.02 0.00001 0.01508 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 12:31 AM 578.71 0.02 0.00001 0.01956 


2/15/2021 12:32 AM 428.35 0.02 0.00001 0.01448 


2/15/2021 12:33 AM 554.29 0.02 0.00001 0.01873 


2/15/2021 12:34 AM 425.97 0.02 0.00001 0.01440 


2/15/2021 12:35 AM 501.61 0.02 0.00001 0.01695 


2/15/2021 12:36 AM 444.67 0.02 0.00001 0.01503 


2/15/2021 12:37 AM 395.71 0.02 0.00001 0.01337 


2/15/2021 12:38 AM 339.54 0.02 0.00001 0.01148 


2/15/2021 12:39 AM 369.52 0.02 0.00001 0.01249 


2/15/2021 12:40 AM 366.01 0.02 0.00001 0.01237 


2/15/2021 12:41 AM 466.18 0.02 0.00001 0.01576 


2/15/2021 12:42 AM 432.30 0.02 0.00001 0.01461 


2/15/2021 12:43 AM 487.85 0.02 0.00001 0.01649 


2/15/2021 12:44 AM 400.84 0.02 0.00001 0.01355 


2/15/2021 12:45 AM 469.34 0.02 0.00001 0.01586 


2/15/2021 12:46 AM 544.79 0.02 0.00001 0.01841 


2/15/2021 12:47 AM 458.20 0.02 0.00001 0.01549 


2/15/2021 12:48 AM 470.44 0.02 0.00001 0.01590 


2/15/2021 12:49 AM 480.49 0.02 0.00001 0.01624 


2/15/2021 12:50 AM 427.00 0.02 0.00001 0.01443 


2/15/2021 12:51 AM 373.10 0.02 0.00001 0.01261 


2/15/2021 12:52 AM 572.68 0.02 0.00001 0.01936 


2/15/2021 12:53 AM 544.92 0.02 0.00001 0.01842 


2/15/2021 12:54 AM 637.80 0.02 0.00001 0.02156 


2/15/2021 12:55 AM 538.15 0.02 0.00001 0.01819 


2/15/2021 12:56 AM 395.70 0.02 0.00001 0.01337 


2/15/2021 12:57 AM 455.99 0.02 0.00001 0.01541 


2/15/2021 12:58 AM 519.12 0.02 0.00001 0.01755 


2/15/2021 12:59 AM 520.35 0.02 0.00001 0.01759 


2/15/2021 1:00 AM 499.82 0.02 0.00001 0.01689 


2/15/2021 1:01 AM 426.58 0.02 0.00001 0.01442 


2/15/2021 1:02 AM 411.96 0.02 0.00001 0.01392 


2/15/2021 1:03 AM 488.42 0.02 0.00001 0.01651 


2/15/2021 1:04 AM 378.42 0.02 0.00001 0.01279 


2/15/2021 1:05 AM 490.64 0.02 0.00001 0.01658 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 1:06 AM 449.96 0.02 0.00001 0.01521 


2/15/2021 1:07 AM 424.25 0.02 0.00001 0.01434 


2/15/2021 1:08 AM 538.29 0.02 0.00001 0.01819 


2/15/2021 1:09 AM 500.60 0.02 0.00001 0.01692 


2/15/2021 1:10 AM 559.75 0.02 0.00001 0.01892 


2/15/2021 1:11 AM 612.64 0.02 0.00001 0.02071 


2/15/2021 1:12 AM 571.26 0.02 0.00001 0.01931 


2/15/2021 1:13 AM 558.90 0.02 0.00001 0.01889 


2/15/2021 1:14 AM 479.47 0.02 0.00001 0.01621 


2/15/2021 1:15 AM 526.15 0.02 0.00001 0.01778 


2/15/2021 1:16 AM 452.68 0.02 0.00001 0.01530 


2/15/2021 1:17 AM 520.05 0.02 0.00001 0.01758 


2/15/2021 1:18 AM 593.99 0.02 0.00001 0.02008 


2/15/2021 1:19 AM 532.98 0.02 0.00001 0.01801 


2/15/2021 1:20 AM 472.77 0.02 0.00001 0.01598 


2/15/2021 1:21 AM 583.66 0.02 0.00001 0.01973 


2/15/2021 1:22 AM 576.47 0.02 0.00001 0.01948 


2/15/2021 1:23 AM 625.88 0.02 0.00001 0.02115 


2/15/2021 1:24 AM 608.66 0.02 0.00001 0.02057 


2/15/2021 1:25 AM 675.62 0.02 0.00001 0.02284 


2/15/2021 1:26 AM 643.68 0.02 0.00001 0.02176 


2/15/2021 1:27 AM 685.75 0.02 0.00001 0.02318 


2/15/2021 1:28 AM 556.45 0.02 0.00001 0.01881 


2/15/2021 1:29 AM 672.28 0.02 0.00001 0.02272 


2/15/2021 1:30 AM 587.34 0.02 0.00001 0.01985 


2/15/2021 1:31 AM 606.54 0.02 0.00001 0.02050 


2/15/2021 1:32 AM 587.56 0.02 0.00001 0.01986 


2/15/2021 1:33 AM 656.21 0.02 0.00001 0.02218 


2/15/2021 1:34 AM 495.18 0.02 0.00001 0.01674 


2/15/2021 1:35 AM 611.39 0.02 0.00001 0.02066 


2/15/2021 1:36 AM 634.27 0.02 0.00001 0.02144 


2/15/2021 1:37 AM 683.18 0.02 0.00001 0.02309 


2/15/2021 1:38 AM 550.80 0.02 0.00001 0.01862 


2/15/2021 1:39 AM 625.86 0.02 0.00001 0.02115 


2/15/2021 1:40 AM 600.68 0.02 0.00001 0.02030 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 1:41 AM 588.96 0.02 0.00001 0.01991 


2/15/2021 1:42 AM 717.49 0.02 0.00001 0.02425 


2/15/2021 1:43 AM 578.15 0.02 0.00001 0.01954 


2/15/2021 1:44 AM 570.14 0.02 0.00001 0.01927 


2/15/2021 1:45 AM 578.27 0.02 0.00001 0.01955 


2/15/2021 1:46 AM 696.46 0.02 0.00001 0.02354 


2/15/2021 1:47 AM 668.13 0.02 0.00001 0.02258 


2/15/2021 1:48 AM 704.56 0.02 0.00001 0.02381 


2/15/2021 1:49 AM 555.62 0.02 0.00001 0.01878 


2/15/2021 1:50 AM 648.62 0.02 0.00001 0.02192 


2/15/2021 1:51 AM 625.42 0.02 0.00001 0.02114 


2/15/2021 1:52 AM 613.65 0.02 0.00001 0.02074 


2/15/2021 1:53 AM 597.32 0.02 0.00001 0.02019 


2/15/2021 1:54 AM 750.98 0.02 0.00001 0.02538 


2/15/2021 1:55 AM 599.42 0.02 0.00001 0.02026 


2/15/2021 1:56 AM 552.24 0.02 0.00001 0.01867 


2/15/2021 1:57 AM 506.22 0.02 0.00001 0.01711 


2/15/2021 1:58 AM 618.50 0.02 0.00001 0.02091 


2/15/2021 1:59 AM 625.76 0.02 0.00001 0.02115 


2/15/2021 2:00 AM 525.28 0.02 0.00001 0.01775 


2/15/2021 2:01 AM 700.50 0.02 0.00001 0.02368 


2/15/2021 2:02 AM 575.58 0.02 0.00001 0.01945 


2/15/2021 2:03 AM 710.19 0.02 0.00001 0.02400 


2/15/2021 2:04 AM 916.09 0.02 0.00002 0.03096 


2/15/2021 2:05 AM 794.48 0.02 0.00001 0.02685 


2/15/2021 2:06 AM 621.06 0.02 0.00001 0.02099 


2/15/2021 2:07 AM 639.09 0.02 0.00001 0.02160 


2/15/2021 2:08 AM 794.94 0.02 0.00001 0.02687 


2/15/2021 2:09 AM 1322.25 0.02 0.00002 0.04469 


2/15/2021 2:10 AM 1116.53 0.02 0.00002 0.03774 


2/15/2021 2:11 AM 952.13 0.02 0.00002 0.03218 


2/15/2021 2:12 AM 857.01 0.02 0.00001 0.02897 


2/15/2021 2:13 AM 853.03 0.02 0.00001 0.02883 


2/15/2021 2:14 AM 847.04 0.02 0.00001 0.02863 


2/15/2021 2:15 AM 948.43 0.02 0.00002 0.03206 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 2:16 AM 1130.52 0.02 0.00002 0.03821 


2/15/2021 2:17 AM 1314.73 0.02 0.00002 0.04444 


2/15/2021 2:18 AM 885.45 0.02 0.00001 0.02993 


2/15/2021 2:19 AM 820.78 0.02 0.00001 0.02774 


2/15/2021 2:20 AM 810.05 0.02 0.00001 0.02738 


2/15/2021 2:21 AM 801.32 0.02 0.00001 0.02708 


2/15/2021 2:22 AM 901.21 0.02 0.00002 0.03046 


2/15/2021 2:23 AM 862.09 0.02 0.00001 0.02914 


2/15/2021 2:24 AM 948.47 0.02 0.00002 0.03206 


2/15/2021 2:25 AM 1015.55 0.02 0.00002 0.03433 


2/15/2021 2:26 AM 854.38 0.02 0.00001 0.02888 


2/15/2021 2:27 AM 874.55 0.02 0.00001 0.02956 


2/15/2021 2:28 AM 923.13 0.02 0.00002 0.03120 


2/15/2021 2:29 AM 863.80 0.02 0.00001 0.02920 


2/15/2021 2:30 AM 880.43 0.02 0.00001 0.02976 


2/15/2021 2:31 AM 804.89 0.02 0.00001 0.02721 


2/15/2021 2:32 AM 768.16 0.02 0.00001 0.02596 


2/15/2021 2:33 AM 796.35 0.02 0.00001 0.02692 


2/15/2021 2:34 AM 1228.19 0.02 0.00002 0.04151 


2/15/2021 2:35 AM 1937.63 0.02 0.00003 0.06549 


2/15/2021 2:36 AM 1750.61 0.02 0.00003 0.05917 


2/15/2021 2:37 AM 1775.95 0.02 0.00003 0.06003 


2/15/2021 2:38 AM 1889.34 0.02 0.00003 0.06386 


2/15/2021 2:39 AM 1544.82 0.02 0.00003 0.05221 


2/15/2021 2:40 AM 1659.31 0.02 0.00003 0.05608 


2/15/2021 2:41 AM 1528.10 0.02 0.00003 0.05165 


2/15/2021 2:42 AM 1272.12 0.02 0.00002 0.04300 


2/15/2021 2:43 AM 1323.26 0.02 0.00002 0.04473 


2/15/2021 2:44 AM 1457.89 0.02 0.00002 0.04928 


2/15/2021 2:45 AM 1327.97 0.02 0.00002 0.04489 


2/15/2021 2:46 AM 1305.54 0.02 0.00002 0.04413 


2/15/2021 2:47 AM 1351.40 0.02 0.00002 0.04568 


2/15/2021 2:48 AM 1433.75 0.02 0.00002 0.04846 


2/15/2021 2:49 AM 1373.61 0.02 0.00002 0.04643 


2/15/2021 2:50 AM 1472.50 0.02 0.00002 0.04977 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 2:51 AM 1197.72 0.02 0.00002 0.04048 


2/15/2021 2:52 AM 1236.44 0.02 0.00002 0.04179 


2/15/2021 2:53 AM 1319.09 0.02 0.00002 0.04459 


2/15/2021 2:54 AM 1296.65 0.02 0.00002 0.04383 


2/15/2021 2:55 AM 1292.85 0.02 0.00002 0.04370 


2/15/2021 2:56 AM 1362.34 0.02 0.00002 0.04605 


2/15/2021 2:57 AM 1353.82 0.02 0.00002 0.04576 


2/15/2021 2:58 AM 1256.90 0.02 0.00002 0.04248 


2/15/2021 2:59 AM 1366.75 0.02 0.00002 0.04620 


2/15/2021 3:00 AM 1333.02 0.02 0.00002 0.04506 


2/15/2021 3:01 AM 1353.81 0.02 0.00002 0.04576 


2/15/2021 3:02 AM 1439.43 0.02 0.00002 0.04865 


2/15/2021 3:03 AM 1439.91 0.02 0.00002 0.04867 


2/15/2021 3:04 AM 1518.80 0.02 0.00003 0.05134 


2/15/2021 3:05 AM 1428.94 0.02 0.00002 0.04830 


2/15/2021 3:06 AM 1349.25 0.02 0.00002 0.04560 


2/15/2021 3:07 AM 1455.69 0.02 0.00002 0.04920 


2/15/2021 3:08 AM 1603.96 0.02 0.00003 0.05421 


2/15/2021 3:09 AM 1836.08 0.02 0.00003 0.06206 


2/15/2021 3:10 AM 1373.08 0.02 0.00002 0.04641 


2/15/2021 3:11 AM 1587.50 0.02 0.00003 0.05366 


2/15/2021 3:12 AM 1605.32 0.02 0.00003 0.05426 


2/15/2021 3:13 AM 1468.53 0.02 0.00002 0.04964 


2/15/2021 3:14 AM 1546.75 0.02 0.00003 0.05228 


2/15/2021 3:15 AM 1591.05 0.02 0.00003 0.05378 


2/15/2021 3:16 AM 1542.22 0.02 0.00003 0.05213 


2/15/2021 3:17 AM 1358.66 0.02 0.00002 0.04592 


2/15/2021 3:18 AM 1523.87 0.02 0.00003 0.05151 


2/15/2021 3:19 AM 1547.00 0.02 0.00003 0.05229 


2/15/2021 3:20 AM 1438.56 0.02 0.00002 0.04862 


2/15/2021 3:21 AM 1414.81 0.02 0.00002 0.04782 


2/15/2021 3:22 AM 1379.58 0.02 0.00002 0.04663 


2/15/2021 3:23 AM 1494.24 0.02 0.00003 0.05051 


2/15/2021 3:24 AM 1612.42 0.02 0.00003 0.05450 


2/15/2021 3:25 AM 1417.76 4.10 0.00491 9.82367 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 3:26 AM 1498.82 4.10 0.00519 10.38534 


2/15/2021 3:27 AM 1603.50 4.10 0.00555 11.11064 


2/15/2021 3:28 AM 1566.21 4.10 0.00542 10.85224 


2/15/2021 3:29 AM 1476.95 4.10 0.00511 10.23375 


2/15/2021 3:30 AM 1388.05 4.10 0.00480 9.61780 


2/15/2021 3:31 AM 1465.63 4.10 0.00507 10.15535 


2/15/2021 3:32 AM 1468.28 4.10 0.00508 10.17374 


2/15/2021 3:33 AM 1352.11 4.10 0.00468 9.36877 


2/15/2021 3:34 AM 1527.41 4.10 0.00529 10.58342 


2/15/2021 3:35 AM 1572.26 4.10 0.00544 10.89422 


2/15/2021 3:36 AM 1237.68 4.10 0.00428 8.57591 


2/15/2021 3:37 AM 1275.24 4.10 0.00441 8.83616 


2/15/2021 3:38 AM 1304.25 4.10 0.00451 9.03712 


2/15/2021 3:39 AM 1175.33 4.10 0.00407 8.14385 


2/15/2021 3:40 AM 1210.92 4.10 0.00419 8.39047 


2/15/2021 3:41 AM 1264.06 4.10 0.00437 8.75865 


2/15/2021 3:42 AM 1115.97 4.10 0.00386 7.73255 


2/15/2021 3:43 AM 1102.97 4.10 0.00382 7.64246 


2/15/2021 3:44 AM 1022.01 4.10 0.00354 7.08152 


2/15/2021 3:45 AM 1153.69 4.10 0.00399 7.99391 


2/15/2021 3:46 AM 1240.98 4.10 0.00429 8.59874 


2/15/2021 3:47 AM 1146.38 4.10 0.00397 7.94328 


2/15/2021 3:48 AM 1207.89 4.10 0.00418 8.36945 


2/15/2021 3:49 AM 1085.23 4.10 0.00376 7.51957 


2/15/2021 3:50 AM 973.04 4.10 0.00337 6.74219 


2/15/2021 3:51 AM 1047.56 4.10 0.00362 7.25855 


2/15/2021 3:52 AM 973.39 4.10 0.00337 6.74462 


2/15/2021 3:53 AM 1042.23 4.10 0.00361 7.22159 


2/15/2021 3:54 AM 1048.69 4.10 0.00363 7.26634 


2/15/2021 3:55 AM 1137.08 4.10 0.00393 7.87882 


2/15/2021 3:56 AM 1081.34 4.10 0.00374 7.49262 


2/15/2021 3:57 AM 933.36 4.10 0.00323 6.46726 


2/15/2021 3:58 AM 904.41 4.10 0.00313 6.26667 


2/15/2021 3:59 AM 900.29 4.10 0.00312 6.23813 


2/15/2021 4:00 AM 948.62 4.10 0.00328 6.57297 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 4:01 AM 1031.61 4.10 0.00357 7.14801 


2/15/2021 4:02 AM 994.58 4.10 0.00344 6.89146 


2/15/2021 4:03 AM 1019.15 4.10 0.00353 7.06167 


2/15/2021 4:04 AM 973.54 4.10 0.00337 6.74567 


2/15/2021 4:05 AM 837.34 4.10 0.00290 5.80194 


2/15/2021 4:06 AM 636.42 4.10 0.00220 4.40972 


2/15/2021 4:07 AM 380.01 4.10 0.00131 2.63308 


2/15/2021 4:08 AM 343.25 4.10 0.00119 2.37836 


2/15/2021 4:09 AM 305.57 4.10 0.00106 2.11732 


2/15/2021 4:10 AM 374.72 4.10 0.00130 2.59641 


2/15/2021 4:11 AM 217.46 4.10 0.00075 1.50676 


2/15/2021 4:12 AM 194.88 4.10 0.00067 1.35034 


2/15/2021 4:13 AM 364.00 4.10 0.00126 2.52213 


2/15/2021 4:14 AM 410.78 4.10 0.00142 2.84627 


2/15/2021 4:15 AM 277.19 4.10 0.00096 1.92067 


2/15/2021 4:16 AM 233.68 4.10 0.00081 1.61916 


2/15/2021 4:17 AM 285.68 4.10 0.00099 1.97949 


2/15/2021 4:18 AM 271.71 4.10 0.00094 1.88268 


2/15/2021 4:19 AM 322.18 4.10 0.00111 2.23236 


2/15/2021 4:20 AM 269.85 4.10 0.00093 1.86982 


2/15/2021 4:21 AM 247.34 4.10 0.00086 1.71383 


2/15/2021 4:22 AM 292.54 4.10 0.00101 2.02699 


2/15/2021 4:23 AM 212.28 4.10 0.00073 1.47089 


2/15/2021 4:24 AM 286.08 4.10 0.00099 1.98226 


2/15/2021 4:25 AM 348.82 0.10 0.00003 0.05895 


2/15/2021 4:26 AM 385.74 0.10 0.00003 0.06519 


2/15/2021 4:27 AM 344.76 0.10 0.00003 0.05826 


2/15/2021 4:28 AM 345.03 0.10 0.00003 0.05831 


2/15/2021 4:29 AM 362.92 0.10 0.00003 0.06133 


2/15/2021 4:30 AM 349.15 0.10 0.00003 0.05901 


2/15/2021 4:31 AM 480.67 0.10 0.00004 0.08123 


2/15/2021 4:32 AM 437.12 0.10 0.00004 0.07387 


2/15/2021 4:33 AM 363.87 0.10 0.00003 0.06149 


2/15/2021 4:34 AM 368.93 0.10 0.00003 0.06235 


2/15/2021 4:35 AM 406.44 0.10 0.00003 0.06869 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 4:36 AM 457.87 0.10 0.00004 0.07738 


2/15/2021 4:37 AM 356.41 0.10 0.00003 0.06023 


2/15/2021 4:38 AM 363.17 0.10 0.00003 0.06137 


2/15/2021 4:39 AM 310.11 0.10 0.00003 0.05241 


2/15/2021 4:40 AM 359.30 0.10 0.00003 0.06072 


2/15/2021 4:41 AM 350.52 0.10 0.00003 0.05924 


2/15/2021 4:42 AM 394.16 0.10 0.00003 0.06661 


2/15/2021 4:43 AM 391.64 0.10 0.00003 0.06619 


2/15/2021 4:44 AM 365.78 0.10 0.00003 0.06182 


2/15/2021 4:45 AM 373.30 0.10 0.00003 0.06309 


2/15/2021 4:46 AM 419.94 0.10 0.00004 0.07097 


2/15/2021 4:47 AM 420.20 0.10 0.00004 0.07101 


2/15/2021 4:48 AM 328.82 0.10 0.00003 0.05557 


2/15/2021 4:49 AM 350.67 0.10 0.00003 0.05926 


2/15/2021 4:50 AM 352.83 0.10 0.00003 0.05963 


2/15/2021 4:51 AM 325.67 0.10 0.00003 0.05504 


2/15/2021 4:52 AM 367.58 0.10 0.00003 0.06212 


2/15/2021 4:53 AM 331.81 0.10 0.00003 0.05608 


2/15/2021 4:54 AM 343.16 0.10 0.00003 0.05799 


2/15/2021 4:55 AM 311.75 0.10 0.00003 0.05269 


2/15/2021 4:56 AM 340.93 0.10 0.00003 0.05762 


2/15/2021 4:57 AM 352.11 0.10 0.00003 0.05951 


2/15/2021 4:58 AM 397.38 0.10 0.00003 0.06716 


2/15/2021 4:59 AM 364.34 0.10 0.00003 0.06157 


2/15/2021 5:00 AM 342.08 0.10 0.00003 0.05781 


2/15/2021 5:01 AM 379.15 0.10 0.00003 0.06408 


2/15/2021 5:02 AM 373.43 0.10 0.00003 0.06311 


2/15/2021 5:03 AM 377.88 0.10 0.00003 0.06386 


2/15/2021 5:04 AM 352.36 0.10 0.00003 0.05955 


2/15/2021 5:05 AM 355.20 0.10 0.00003 0.06003 


2/15/2021 5:06 AM 358.26 0.10 0.00003 0.06055 


2/15/2021 5:07 AM 346.92 0.10 0.00003 0.05863 


2/15/2021 5:08 AM 415.00 0.10 0.00004 0.07013 


2/15/2021 5:09 AM 373.25 0.10 0.00003 0.06308 


2/15/2021 5:10 AM 363.90 0.10 0.00003 0.06150 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 5:11 AM 400.10 0.10 0.00003 0.06762 


2/15/2021 5:12 AM 397.74 0.10 0.00003 0.06722 


2/15/2021 5:13 AM 346.75 0.10 0.00003 0.05860 


2/15/2021 5:14 AM 372.79 0.10 0.00003 0.06300 


2/15/2021 5:15 AM 391.42 0.10 0.00003 0.06615 


2/15/2021 5:16 AM 416.27 0.10 0.00004 0.07035 


2/15/2021 5:17 AM 382.36 0.10 0.00003 0.06462 


2/15/2021 5:18 AM 382.21 0.10 0.00003 0.06459 


2/15/2021 5:19 AM 364.19 0.10 0.00003 0.06155 


2/15/2021 5:20 AM 387.82 0.10 0.00003 0.06554 


2/15/2021 5:21 AM 421.28 0.10 0.00004 0.07120 


2/15/2021 5:22 AM 392.19 0.10 0.00003 0.06628 


2/15/2021 5:23 AM 393.28 0.10 0.00003 0.06646 


2/15/2021 5:24 AM 433.15 0.10 0.00004 0.07320 


2/15/2021 5:25 AM 405.29 1.60 0.00055 1.09591 


2/15/2021 5:26 AM 391.38 1.60 0.00053 1.05829 


2/15/2021 5:27 AM 396.81 1.60 0.00054 1.07297 


2/15/2021 5:28 AM 391.69 1.60 0.00053 1.05912 


2/15/2021 5:29 AM 395.27 1.60 0.00053 1.06882 


2/15/2021 5:30 AM 365.14 1.60 0.00049 0.98733 


2/15/2021 5:31 AM 433.22 1.60 0.00059 1.17143 


2/15/2021 5:32 AM 432.69 1.60 0.00058 1.17000 


2/15/2021 5:33 AM 392.67 1.60 0.00053 1.06178 


2/15/2021 5:34 AM 381.16 1.60 0.00051 1.03066 


2/15/2021 5:35 AM 400.37 1.60 0.00054 1.08260 


2/15/2021 5:36 AM 396.06 1.60 0.00053 1.07094 


2/15/2021 5:37 AM 409.39 1.60 0.00055 1.10700 


2/15/2021 5:38 AM 409.64 1.60 0.00055 1.10766 


2/15/2021 5:39 AM 378.58 1.60 0.00051 1.02368 


2/15/2021 5:40 AM 412.51 1.60 0.00056 1.11542 


2/15/2021 5:41 AM 444.44 1.60 0.00060 1.20176 


2/15/2021 5:42 AM 403.57 1.60 0.00054 1.09126 


2/15/2021 5:43 AM 393.45 1.60 0.00053 1.06388 


2/15/2021 5:44 AM 422.87 1.60 0.00057 1.14345 


2/15/2021 5:45 AM 436.51 1.60 0.00059 1.18033 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 5:46 AM 431.27 1.60 0.00058 1.16615 


2/15/2021 5:47 AM 408.16 1.60 0.00055 1.10366 


2/15/2021 5:48 AM 385.75 1.60 0.00052 1.04306 


2/15/2021 5:49 AM 385.72 1.60 0.00052 1.04298 


2/15/2021 5:50 AM 385.07 1.60 0.00052 1.04124 


2/15/2021 5:51 AM 332.11 1.60 0.00045 0.89804 


2/15/2021 5:52 AM 395.01 1.60 0.00053 1.06811 


2/15/2021 5:53 AM 414.90 1.60 0.00056 1.12188 


2/15/2021 5:54 AM 374.12 1.60 0.00051 1.01163 


2/15/2021 5:55 AM 383.04 1.60 0.00052 1.03575 


2/15/2021 5:56 AM 406.42 1.60 0.00055 1.09895 


2/15/2021 5:57 AM 423.97 1.60 0.00057 1.14640 


2/15/2021 5:58 AM 386.22 1.60 0.00052 1.04433 


2/15/2021 5:59 AM 362.00 1.60 0.00049 0.97884 


2/15/2021 6:00 AM 432.64 1.60 0.00058 1.16986 


2/15/2021 6:01 AM 429.02 1.60 0.00058 1.16007 


2/15/2021 6:02 AM 370.48 1.60 0.00050 1.00178 


2/15/2021 6:03 AM 343.61 1.60 0.00046 0.92913 


2/15/2021 6:04 AM 365.70 1.60 0.00049 0.98885 


2/15/2021 6:05 AM 394.39 1.60 0.00053 1.06644 


2/15/2021 6:06 AM 391.98 1.60 0.00053 1.05991 


2/15/2021 6:07 AM 421.77 1.60 0.00057 1.14048 


2/15/2021 6:08 AM 372.38 1.60 0.00050 1.00693 


2/15/2021 6:09 AM 362.44 1.60 0.00049 0.98003 


2/15/2021 6:10 AM 403.08 1.60 0.00054 1.08992 


2/15/2021 6:11 AM 399.99 1.60 0.00054 1.08157 


2/15/2021 6:12 AM 388.96 1.60 0.00053 1.05174 


2/15/2021 6:13 AM 383.17 1.60 0.00052 1.03608 


2/15/2021 6:14 AM 381.11 1.60 0.00051 1.03051 


2/15/2021 6:15 AM 352.58 1.60 0.00048 0.95339 


2/15/2021 6:16 AM 412.29 1.60 0.00056 1.11482 


2/15/2021 6:17 AM 419.32 1.60 0.00057 1.13384 


2/15/2021 6:18 AM 381.71 1.60 0.00052 1.03214 


2/15/2021 6:19 AM 362.56 1.60 0.00049 0.98037 


2/15/2021 6:20 AM 369.80 1.60 0.00050 0.99994 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 6:21 AM 370.44 1.60 0.00050 1.00166 


2/15/2021 6:22 AM 356.81 1.60 0.00048 0.96481 


2/15/2021 6:23 AM 405.98 1.60 0.00055 1.09776 


2/15/2021 6:24 AM 366.60 1.60 0.00050 0.99128 


2/15/2021 6:25 AM 364.33 0.49 0.00015 0.30170 


2/15/2021 6:26 AM 351.31 0.49 0.00015 0.29092 


2/15/2021 6:27 AM 345.21 0.49 0.00014 0.28587 


2/15/2021 6:28 AM 373.55 0.49 0.00015 0.30934 


2/15/2021 6:29 AM 379.46 0.49 0.00016 0.31423 


2/15/2021 6:30 AM 359.36 0.49 0.00015 0.29758 


2/15/2021 6:31 AM 346.33 0.49 0.00014 0.28680 


2/15/2021 6:32 AM 348.60 0.49 0.00014 0.28867 


2/15/2021 6:33 AM 363.11 0.49 0.00015 0.30069 


2/15/2021 6:34 AM 346.13 0.49 0.00014 0.28663 


2/15/2021 6:35 AM 364.94 0.49 0.00015 0.30220 


2/15/2021 6:36 AM 362.27 0.49 0.00015 0.30000 


2/15/2021 6:37 AM 353.16 0.49 0.00015 0.29246 


2/15/2021 6:38 AM 354.60 0.49 0.00015 0.29365 


2/15/2021 6:39 AM 356.89 0.49 0.00015 0.29554 


2/15/2021 6:40 AM 329.38 0.49 0.00014 0.27276 


2/15/2021 6:41 AM 321.36 0.49 0.00013 0.26612 


2/15/2021 6:42 AM 312.05 0.49 0.00013 0.25841 


2/15/2021 6:43 AM 314.23 0.49 0.00013 0.26022 


2/15/2021 6:44 AM 321.36 0.49 0.00013 0.26612 


2/15/2021 6:45 AM 371.70 0.49 0.00015 0.30780 


2/15/2021 6:46 AM 317.18 0.49 0.00013 0.26266 


2/15/2021 6:47 AM 315.19 0.49 0.00013 0.26101 


2/15/2021 6:48 AM 316.69 0.49 0.00013 0.26225 


2/15/2021 6:49 AM 286.21 0.49 0.00012 0.23701 


2/15/2021 6:50 AM 266.41 0.49 0.00011 0.22061 


2/15/2021 6:51 AM 272.32 0.49 0.00011 0.22551 


2/15/2021 6:52 AM 267.19 0.49 0.00011 0.22126 


2/15/2021 6:53 AM 275.27 0.49 0.00011 0.22795 


2/15/2021 6:54 AM 256.01 0.49 0.00011 0.21201 


2/15/2021 6:55 AM 119.94 0.49 0.00005 0.09932 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 6:56 AM 37.79 0.49 0.00002 0.03129 


2/15/2021 6:57 AM 3.91 0.49 0.00000 0.00324 


2/15/2021 6:58 AM 377.88 0.49 0.00016 0.31293 


2/15/2021 6:59 AM 272.77 0.49 0.00011 0.22588 


2/15/2021 7:00 AM 242.28 0.49 0.00010 0.20063 


2/15/2021 7:01 AM 248.44 0.49 0.00010 0.20574 


2/15/2021 7:02 AM 195.46 0.49 0.00008 0.16186 


2/15/2021 7:03 AM 294.56 0.49 0.00012 0.24393 


2/15/2021 7:04 AM 341.82 0.49 0.00014 0.28306 


2/15/2021 7:05 AM 277.47 0.49 0.00011 0.22977 


2/15/2021 7:06 AM 275.30 0.49 0.00011 0.22797 


2/15/2021 7:07 AM 278.60 0.49 0.00012 0.23071 


2/15/2021 7:08 AM 231.53 0.49 0.00010 0.19173 


2/15/2021 7:09 AM 250.29 0.49 0.00010 0.20726 


2/15/2021 7:10 AM 229.87 0.49 0.00010 0.19035 


2/15/2021 7:11 AM 291.63 0.49 0.00012 0.24150 


2/15/2021 7:12 AM 246.11 0.49 0.00010 0.20380 


2/15/2021 7:13 AM 230.09 0.49 0.00010 0.19054 


2/15/2021 7:14 AM 249.12 0.49 0.00010 0.20630 


2/15/2021 7:15 AM 240.30 0.49 0.00010 0.19899 


2/15/2021 7:16 AM 240.59 0.49 0.00010 0.19923 


2/15/2021 7:17 AM 228.13 0.49 0.00009 0.18892 


2/15/2021 7:18 AM 194.92 0.49 0.00008 0.16141 


2/15/2021 7:19 AM 255.63 0.49 0.00011 0.21169 


2/15/2021 7:20 AM 319.83 0.49 0.00013 0.26485 


2/15/2021 7:21 AM 273.89 0.49 0.00011 0.22681 


2/15/2021 7:22 AM 261.24 0.49 0.00011 0.21634 


2/15/2021 7:23 AM 276.58 0.49 0.00011 0.22903 


2/15/2021 7:24 AM 256.79 0.49 0.00011 0.21264 


2/15/2021 7:25 AM 376.37 2.60 0.00083 1.65376 


2/15/2021 7:26 AM 254.83 2.60 0.00056 1.11974 


2/15/2021 7:27 AM 227.32 2.60 0.00050 0.99883 


2/15/2021 7:28 AM 197.77 2.60 0.00043 0.86900 


2/15/2021 7:29 AM 182.97 2.60 0.00040 0.80398 


2/15/2021 7:30 AM 209.63 2.60 0.00046 0.92109 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 7:31 AM 388.04 2.60 0.00085 1.70504 


2/15/2021 7:32 AM 264.54 2.60 0.00058 1.16238 


2/15/2021 7:33 AM 301.55 2.60 0.00066 1.32499 


2/15/2021 7:34 AM 254.11 2.60 0.00056 1.11655 


2/15/2021 7:35 AM 227.84 2.60 0.00050 1.00112 


2/15/2021 7:36 AM 209.08 2.60 0.00046 0.91871 


2/15/2021 7:37 AM 158.78 2.60 0.00035 0.69767 


2/15/2021 7:38 AM 291.50 2.60 0.00064 1.28085 


2/15/2021 7:39 AM 239.66 2.60 0.00053 1.05306 


2/15/2021 7:40 AM 234.94 2.60 0.00052 1.03235 


2/15/2021 7:41 AM 213.21 2.60 0.00047 0.93685 


2/15/2021 7:42 AM 146.09 2.60 0.00032 0.64194 


2/15/2021 7:43 AM 188.94 2.60 0.00041 0.83022 


2/15/2021 7:44 AM 203.54 2.60 0.00045 0.89434 


2/15/2021 7:45 AM 293.49 2.60 0.00064 1.28961 


2/15/2021 7:46 AM 277.50 2.60 0.00061 1.21934 


2/15/2021 7:47 AM 221.63 2.60 0.00049 0.97384 


2/15/2021 7:48 AM 151.07 2.60 0.00033 0.66380 


2/15/2021 7:49 AM 298.99 2.60 0.00066 1.31376 


2/15/2021 7:50 AM 281.51 2.60 0.00062 1.23695 


2/15/2021 7:51 AM 240.99 2.60 0.00053 1.05893 


2/15/2021 7:52 AM 225.15 2.60 0.00049 0.98929 


2/15/2021 7:53 AM 274.82 2.60 0.00060 1.20755 


2/15/2021 7:54 AM 217.91 2.60 0.00048 0.95752 


2/15/2021 7:55 AM 252.19 2.60 0.00055 1.10814 


2/15/2021 7:56 AM 220.54 2.60 0.00048 0.96905 


2/15/2021 7:57 AM 183.07 2.60 0.00040 0.80443 


2/15/2021 7:58 AM 248.00 2.60 0.00054 1.08971 


2/15/2021 7:59 AM 306.53 2.60 0.00067 1.34691 


2/15/2021 8:00 AM 273.39 2.60 0.00060 1.20127 


2/15/2021 8:01 AM 293.43 2.60 0.00064 1.28934 


2/15/2021 8:02 AM 283.98 2.60 0.00062 1.24781 


2/15/2021 8:03 AM 301.55 2.60 0.00066 1.32501 


2/15/2021 8:04 AM 354.99 2.60 0.00078 1.55982 


2/15/2021 8:05 AM 390.80 2.60 0.00086 1.71719 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 8:06 AM 309.21 2.60 0.00068 1.35865 


2/15/2021 8:07 AM 375.92 2.60 0.00082 1.65179 


2/15/2021 8:08 AM 290.74 2.60 0.00064 1.27752 


2/15/2021 8:09 AM 218.32 2.60 0.00048 0.95929 


2/15/2021 8:10 AM 255.60 2.60 0.00056 1.12312 


2/15/2021 8:11 AM 187.86 2.60 0.00041 0.82546 


2/15/2021 8:12 AM 235.43 2.60 0.00052 1.03450 


2/15/2021 8:13 AM 296.46 2.60 0.00065 1.30264 


2/15/2021 8:14 AM 264.63 2.60 0.00058 1.16278 


2/15/2021 8:15 AM 295.35 2.60 0.00065 1.29777 


2/15/2021 8:16 AM 267.52 2.60 0.00059 1.17548 


2/15/2021 8:17 AM 225.33 2.60 0.00049 0.99010 


2/15/2021 8:18 AM 239.13 2.60 0.00052 1.05075 


2/15/2021 8:19 AM 389.34 2.60 0.00085 1.71074 


2/15/2021 8:20 AM 266.18 2.60 0.00058 1.16960 


2/15/2021 8:21 AM 188.04 2.60 0.00041 0.82624 


2/15/2021 8:22 AM 288.10 2.60 0.00063 1.26593 


2/15/2021 8:23 AM 196.14 2.60 0.00043 0.86184 


2/15/2021 8:24 AM 249.28 2.60 0.00055 1.09533 


2/15/2021 8:25 AM 221.58 0.49 0.00009 0.18349 


2/15/2021 8:26 AM 286.34 0.49 0.00012 0.23711 


2/15/2021 8:27 AM 142.95 0.49 0.00006 0.11838 


2/15/2021 8:28 AM 95.50 0.49 0.00004 0.07908 


2/15/2021 8:29 AM 126.27 0.49 0.00005 0.10456 


2/15/2021 8:30 AM 178.30 0.49 0.00007 0.14765 


2/15/2021 8:31 AM 344.38 0.49 0.00014 0.28518 


2/15/2021 8:32 AM 310.88 0.49 0.00013 0.25744 


2/15/2021 8:33 AM 282.33 0.49 0.00012 0.23380 


2/15/2021 8:34 AM 256.46 0.49 0.00011 0.21237 


2/15/2021 8:35 AM 219.47 0.49 0.00009 0.18174 


2/15/2021 8:36 AM 288.89 0.49 0.00012 0.23923 


2/15/2021 8:37 AM 315.00 0.49 0.00013 0.26085 


2/15/2021 8:38 AM 353.87 0.49 0.00015 0.29304 


2/15/2021 8:39 AM 298.52 0.49 0.00012 0.24721 


2/15/2021 8:40 AM 192.50 0.49 0.00008 0.15941 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 8:41 AM 283.58 0.49 0.00012 0.23483 


2/15/2021 8:42 AM 290.14 0.49 0.00012 0.24027 


2/15/2021 8:43 AM 235.13 0.49 0.00010 0.19471 


2/15/2021 8:44 AM 340.13 0.49 0.00014 0.28166 


2/15/2021 8:45 AM 212.88 0.49 0.00009 0.17629 


2/15/2021 8:46 AM 229.81 0.49 0.00010 0.19030 


2/15/2021 8:47 AM 231.46 0.49 0.00010 0.19167 


2/15/2021 8:48 AM 219.17 0.49 0.00009 0.18149 


2/15/2021 8:49 AM 298.15 0.49 0.00012 0.24690 


2/15/2021 8:50 AM 265.41 0.49 0.00011 0.21978 


2/15/2021 8:51 AM 277.05 0.49 0.00011 0.22943 


2/15/2021 8:52 AM 326.29 0.49 0.00013 0.27020 


2/15/2021 8:53 AM 287.44 0.49 0.00012 0.23803 


2/15/2021 8:54 AM 355.12 0.49 0.00015 0.29408 


2/15/2021 8:55 AM 412.17 0.49 0.00017 0.34132 


2/15/2021 8:56 AM 383.56 0.49 0.00016 0.31762 


2/15/2021 8:57 AM 466.73 0.49 0.00019 0.38650 


2/15/2021 8:58 AM 390.31 0.49 0.00016 0.32321 


2/15/2021 8:59 AM 366.72 0.49 0.00015 0.30368 


2/15/2021 9:00 AM 322.00 0.49 0.00013 0.26665 


2/15/2021 9:01 AM 424.07 0.49 0.00018 0.35117 


2/15/2021 9:02 AM 395.53 0.49 0.00016 0.32754 


2/15/2021 9:03 AM 309.53 0.49 0.00013 0.25632 


2/15/2021 9:04 AM 297.15 0.49 0.00012 0.24607 


2/15/2021 9:05 AM 326.72 0.49 0.00014 0.27056 


2/15/2021 9:06 AM 320.33 0.49 0.00013 0.26526 


2/15/2021 9:07 AM 232.47 0.49 0.00010 0.19251 


2/15/2021 9:08 AM 295.80 0.49 0.00012 0.24495 


2/15/2021 9:09 AM 221.53 0.49 0.00009 0.18345 


2/15/2021 9:10 AM 246.75 0.49 0.00010 0.20433 


2/15/2021 9:11 AM 302.27 0.49 0.00013 0.25031 


2/15/2021 9:12 AM 346.70 0.49 0.00014 0.28710 


2/15/2021 9:13 AM 294.60 0.49 0.00012 0.24396 


2/15/2021 9:14 AM 183.44 0.49 0.00008 0.15190 


2/15/2021 9:15 AM 200.90 0.49 0.00008 0.16637 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 9:16 AM 226.30 0.49 0.00009 0.18740 


2/15/2021 9:17 AM 347.86 0.49 0.00014 0.28807 


2/15/2021 9:18 AM 318.46 0.49 0.00013 0.26372 


2/15/2021 9:19 AM 486.44 0.49 0.00020 0.40282 


2/15/2021 9:20 AM 295.10 0.49 0.00012 0.24437 


2/15/2021 9:21 AM 351.18 0.49 0.00015 0.29081 


2/15/2021 9:22 AM 353.61 0.49 0.00015 0.29283 


2/15/2021 9:23 AM 332.64 0.49 0.00014 0.27546 


2/15/2021 9:24 AM 187.36 0.49 0.00008 0.15515 


2/15/2021 9:25 AM 211.29 0.49 0.00009 0.17497 


2/15/2021 9:26 AM 299.03 0.49 0.00012 0.24763 


2/15/2021 9:27 AM 251.04 0.49 0.00010 0.20789 


2/15/2021 9:28 AM 133.10 0.49 0.00006 0.11022 


2/15/2021 9:29 AM 227.50 0.49 0.00009 0.18839 


2/15/2021 9:30 AM 288.35 0.02 0.00000 0.00975 


2/15/2021 9:31 AM 295.64 0.02 0.00000 0.00999 


2/15/2021 9:32 AM 217.80 0.02 0.00000 0.00736 


2/15/2021 9:33 AM 285.55 0.02 0.00000 0.00965 


2/15/2021 9:34 AM 204.04 0.02 0.00000 0.00690 


2/15/2021 9:35 AM 236.94 0.02 0.00000 0.00801 


2/15/2021 9:36 AM 149.77 0.02 0.00000 0.00506 


2/15/2021 9:37 AM 153.94 0.02 0.00000 0.00520 


2/15/2021 9:38 AM 287.95 0.02 0.00000 0.00973 


2/15/2021 9:39 AM 248.34 0.02 0.00000 0.00839 


2/15/2021 9:40 AM 214.01 0.02 0.00000 0.00723 


2/15/2021 9:41 AM 242.72 0.02 0.00000 0.00820 


2/15/2021 9:42 AM 233.03 0.02 0.00000 0.00788 


2/15/2021 9:43 AM 209.06 0.02 0.00000 0.00707 


2/15/2021 9:44 AM 264.55 0.02 0.00000 0.00894 


2/15/2021 9:45 AM 250.55 0.02 0.00000 0.00847 


2/15/2021 9:46 AM 250.77 0.02 0.00000 0.00848 


2/15/2021 9:47 AM 228.22 0.02 0.00000 0.00771 


2/15/2021 9:48 AM 226.76 0.02 0.00000 0.00766 


2/15/2021 9:49 AM 249.63 0.02 0.00000 0.00844 


2/15/2021 9:50 AM 325.78 0.02 0.00001 0.01101 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 9:51 AM 291.18 0.02 0.00000 0.00984 


2/15/2021 9:52 AM 268.93 0.02 0.00000 0.00909 


2/15/2021 9:53 AM 327.18 0.02 0.00001 0.01106 


2/15/2021 9:54 AM 325.55 0.02 0.00001 0.01100 


2/15/2021 9:55 AM 330.51 0.02 0.00001 0.01117 


2/15/2021 9:56 AM 273.41 0.02 0.00000 0.00924 


2/15/2021 9:57 AM 328.04 0.02 0.00001 0.01109 


2/15/2021 9:58 AM 303.65 0.02 0.00001 0.01026 


2/15/2021 9:59 AM 330.85 0.02 0.00001 0.01118 


2/15/2021 10:00 AM 312.32 0.02 0.00001 0.01056 


2/15/2021 10:01 AM 334.43 0.02 0.00001 0.01130 


2/15/2021 10:02 AM 254.56 0.02 0.00000 0.00860 


2/15/2021 10:03 AM 275.48 0.02 0.00000 0.00931 


2/15/2021 10:04 AM 428.85 0.02 0.00001 0.01450 


2/15/2021 10:05 AM 393.70 0.02 0.00001 0.01331 


2/15/2021 10:06 AM 415.41 0.02 0.00001 0.01404 


2/15/2021 10:07 AM 342.01 0.02 0.00001 0.01156 


2/15/2021 10:08 AM 399.84 0.02 0.00001 0.01351 


2/15/2021 10:09 AM 319.25 0.02 0.00001 0.01079 


2/15/2021 10:10 AM 378.70 0.02 0.00001 0.01280 


2/15/2021 10:11 AM 367.77 0.02 0.00001 0.01243 


2/15/2021 10:12 AM 293.82 0.02 0.00000 0.00993 


2/15/2021 10:13 AM 234.59 0.02 0.00000 0.00793 


2/15/2021 10:14 AM 386.86 0.02 0.00001 0.01308 


2/15/2021 10:15 AM 354.52 0.02 0.00001 0.01198 


2/15/2021 10:16 AM 409.15 0.02 0.00001 0.01383 


2/15/2021 10:17 AM 313.14 0.02 0.00001 0.01058 


2/15/2021 10:18 AM 427.76 0.02 0.00001 0.01446 


2/15/2021 10:19 AM 393.30 0.02 0.00001 0.01329 


2/15/2021 10:20 AM 344.28 0.02 0.00001 0.01164 


2/15/2021 10:21 AM 382.36 0.02 0.00001 0.01292 


2/15/2021 10:22 AM 236.69 0.02 0.00000 0.00800 


2/15/2021 10:23 AM 269.97 0.02 0.00000 0.00913 


2/15/2021 10:24 AM 275.04 0.02 0.00000 0.00930 


2/15/2021 10:25 AM 385.86 0.02 0.00001 0.01304 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 10:26 AM 337.87 0.02 0.00001 0.01142 


2/15/2021 10:27 AM 408.06 0.02 0.00001 0.01379 


2/15/2021 10:28 AM 313.81 0.02 0.00001 0.01061 


2/15/2021 10:29 AM 278.12 0.02 0.00000 0.00940 


2/15/2021 10:30 AM 248.08 0.49 0.00010 0.20544 


2/15/2021 10:31 AM 346.99 0.49 0.00014 0.28734 


2/15/2021 10:32 AM 337.71 0.49 0.00014 0.27966 


2/15/2021 10:33 AM 324.79 0.49 0.00013 0.26896 


2/15/2021 10:34 AM 232.09 0.49 0.00010 0.19219 


2/15/2021 10:35 AM 363.61 0.49 0.00015 0.30110 


2/15/2021 10:36 AM 424.56 0.49 0.00018 0.35158 


2/15/2021 10:37 AM 474.77 0.49 0.00020 0.39315 


2/15/2021 10:38 AM 297.53 0.49 0.00012 0.24638 


2/15/2021 10:39 AM 690.98 0.49 0.00029 0.57220 


2/15/2021 10:40 AM 670.49 0.49 0.00028 0.55523 


2/15/2021 10:41 AM 365.80 0.49 0.00015 0.30292 


2/15/2021 10:42 AM 380.73 0.49 0.00016 0.31528 


2/15/2021 10:43 AM 446.33 0.49 0.00018 0.36960 


2/15/2021 10:44 AM 382.42 0.49 0.00016 0.31668 


2/15/2021 10:45 AM 306.86 0.49 0.00013 0.25411 


2/15/2021 10:46 AM 438.23 0.49 0.00018 0.36290 


2/15/2021 10:47 AM 393.78 0.49 0.00016 0.32609 


2/15/2021 10:48 AM 411.09 0.49 0.00017 0.34042 


2/15/2021 10:49 AM 325.10 0.49 0.00013 0.26922 


2/15/2021 10:50 AM 449.75 0.49 0.00019 0.37244 


2/15/2021 10:51 AM 390.48 0.49 0.00016 0.32336 


2/15/2021 10:52 AM 332.62 0.49 0.00014 0.27544 


2/15/2021 10:53 AM 250.87 0.49 0.00010 0.20774 


2/15/2021 10:54 AM 311.11 0.49 0.00013 0.25763 


2/15/2021 10:55 AM 253.82 0.49 0.00010 0.21018 


2/15/2021 10:56 AM 286.01 0.49 0.00012 0.23684 


2/15/2021 10:57 AM 279.50 0.49 0.00012 0.23146 


2/15/2021 10:58 AM 338.39 0.49 0.00014 0.28022 


2/15/2021 10:59 AM 279.15 0.49 0.00012 0.23116 


2/15/2021 11:00 AM 242.70 0.49 0.00010 0.20098 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 11:01 AM 308.19 0.49 0.00013 0.25521 


2/15/2021 11:02 AM 318.74 0.49 0.00013 0.26395 


2/15/2021 11:03 AM 292.87 0.49 0.00012 0.24253 


2/15/2021 11:04 AM 278.38 0.49 0.00012 0.23053 


2/15/2021 11:05 AM 372.55 0.49 0.00015 0.30851 


2/15/2021 11:06 AM 354.34 0.49 0.00015 0.29342 


2/15/2021 11:07 AM 306.38 0.49 0.00013 0.25372 


2/15/2021 11:08 AM 307.87 0.49 0.00013 0.25495 


2/15/2021 11:09 AM 257.42 0.49 0.00011 0.21317 


2/15/2021 11:10 AM 248.85 0.49 0.00010 0.20607 


2/15/2021 11:11 AM 247.28 0.49 0.00010 0.20477 


2/15/2021 11:12 AM 322.60 0.49 0.00013 0.26714 


2/15/2021 11:13 AM 218.91 0.49 0.00009 0.18128 


2/15/2021 11:14 AM 255.42 0.49 0.00011 0.21151 


2/15/2021 11:15 AM 341.01 0.49 0.00014 0.28239 


2/15/2021 11:16 AM 215.28 0.49 0.00009 0.17827 


2/15/2021 11:17 AM 218.73 0.49 0.00009 0.18113 


2/15/2021 11:18 AM 215.02 0.49 0.00009 0.17806 


2/15/2021 11:19 AM 212.03 0.49 0.00009 0.17559 


2/15/2021 11:20 AM 233.97 0.49 0.00010 0.19375 


2/15/2021 11:21 AM 196.73 0.49 0.00008 0.16292 


2/15/2021 11:22 AM 175.70 0.49 0.00007 0.14550 


2/15/2021 11:23 AM 197.96 0.49 0.00008 0.16393 


2/15/2021 11:24 AM 347.26 0.49 0.00014 0.28756 


2/15/2021 11:25 AM 299.46 0.49 0.00012 0.24798 


2/15/2021 11:26 AM 262.50 0.49 0.00011 0.21737 


2/15/2021 11:27 AM 247.64 0.49 0.00010 0.20507 


2/15/2021 11:28 AM 278.06 0.49 0.00011 0.23026 


2/15/2021 11:29 AM 297.95 0.49 0.00012 0.24673 


2/15/2021 11:30 AM 331.51 0.02 0.00001 0.01121 


2/15/2021 11:31 AM 277.13 0.02 0.00000 0.00937 


2/15/2021 11:32 AM 364.42 0.02 0.00001 0.01232 


2/15/2021 11:33 AM 271.44 0.02 0.00000 0.00917 


2/15/2021 11:34 AM 294.35 0.02 0.00000 0.00995 


2/15/2021 11:35 AM 291.21 0.02 0.00000 0.00984 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 11:36 AM 249.51 0.02 0.00000 0.00843 


2/15/2021 11:37 AM 230.14 0.02 0.00000 0.00778 


2/15/2021 11:38 AM 324.65 0.02 0.00001 0.01097 


2/15/2021 11:39 AM 439.49 0.02 0.00001 0.01485 


2/15/2021 11:40 AM 253.43 0.02 0.00000 0.00857 


2/15/2021 11:41 AM 282.56 0.02 0.00000 0.00955 


2/15/2021 11:42 AM 310.39 0.02 0.00001 0.01049 


2/15/2021 11:43 AM 256.87 0.02 0.00000 0.00868 


2/15/2021 11:44 AM 338.13 0.02 0.00001 0.01143 


2/15/2021 11:45 AM 328.30 0.02 0.00001 0.01110 


2/15/2021 11:46 AM 284.39 0.02 0.00000 0.00961 


2/15/2021 11:47 AM 264.21 0.02 0.00000 0.00893 


2/15/2021 11:48 AM 305.34 0.02 0.00001 0.01032 


2/15/2021 11:49 AM 369.00 0.02 0.00001 0.01247 


2/15/2021 11:50 AM 252.18 0.02 0.00000 0.00852 


2/15/2021 11:51 AM 280.82 0.02 0.00000 0.00949 


2/15/2021 11:52 AM 292.71 0.02 0.00000 0.00989 


2/15/2021 11:53 AM 249.72 0.02 0.00000 0.00844 


2/15/2021 11:54 AM 350.50 0.02 0.00001 0.01185 


2/15/2021 11:55 AM 302.34 0.02 0.00001 0.01022 


2/15/2021 11:56 AM 292.78 0.02 0.00000 0.00990 


2/15/2021 11:57 AM 248.76 0.02 0.00000 0.00841 


2/15/2021 11:58 AM 201.74 0.02 0.00000 0.00682 


2/15/2021 11:59 AM 386.19 0.02 0.00001 0.01305 


2/15/2021 12:00 PM 361.84 0.02 0.00001 0.01223 


2/15/2021 12:01 PM 408.93 0.02 0.00001 0.01382 


2/15/2021 12:02 PM 294.43 0.02 0.00000 0.00995 


2/15/2021 12:03 PM 313.73 0.02 0.00001 0.01060 


2/15/2021 12:04 PM 293.26 0.02 0.00000 0.00991 


2/15/2021 12:05 PM 234.61 0.02 0.00000 0.00793 


2/15/2021 12:06 PM 256.34 0.02 0.00000 0.00866 


2/15/2021 12:07 PM 314.35 0.02 0.00001 0.01062 


2/15/2021 12:08 PM 281.75 0.02 0.00000 0.00952 


2/15/2021 12:09 PM 362.86 0.02 0.00001 0.01226 


2/15/2021 12:10 PM 287.19 0.02 0.00000 0.00971 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 12:11 PM 302.00 0.02 0.00001 0.01021 


2/15/2021 12:12 PM 330.96 0.02 0.00001 0.01119 


2/15/2021 12:13 PM 280.32 0.02 0.00000 0.00947 


2/15/2021 12:14 PM 348.33 0.02 0.00001 0.01177 


2/15/2021 12:15 PM 319.07 0.02 0.00001 0.01078 


2/15/2021 12:16 PM 345.13 0.02 0.00001 0.01167 


2/15/2021 12:17 PM 327.99 0.02 0.00001 0.01109 


2/15/2021 12:18 PM 278.98 0.02 0.00000 0.00943 


2/15/2021 12:19 PM 333.55 0.02 0.00001 0.01127 


2/15/2021 12:20 PM 348.24 0.02 0.00001 0.01177 


2/15/2021 12:21 PM 301.10 0.02 0.00001 0.01018 


2/15/2021 12:22 PM 267.20 0.02 0.00000 0.00903 


2/15/2021 12:23 PM 274.39 0.02 0.00000 0.00927 


2/15/2021 12:24 PM 280.60 0.02 0.00000 0.00948 


2/15/2021 12:25 PM 278.95 0.02 0.00000 0.00943 


2/15/2021 12:26 PM 291.16 0.02 0.00000 0.00984 


2/15/2021 12:27 PM 311.11 0.02 0.00001 0.01052 


2/15/2021 12:28 PM 266.46 0.02 0.00000 0.00901 


2/15/2021 12:29 PM 253.39 0.02 0.00000 0.00856 


2/15/2021 12:30 PM 288.92 0.10 0.00002 0.04883 


2/15/2021 12:31 PM 318.94 0.10 0.00003 0.05390 


2/15/2021 12:32 PM 278.99 0.10 0.00002 0.04715 


2/15/2021 12:33 PM 314.48 0.10 0.00003 0.05315 


2/15/2021 12:34 PM 410.62 0.10 0.00003 0.06939 


2/15/2021 12:35 PM 320.61 0.10 0.00003 0.05418 


2/15/2021 12:36 PM 268.30 0.10 0.00002 0.04534 


2/15/2021 12:37 PM 197.16 0.10 0.00002 0.03332 


2/15/2021 12:38 PM 274.30 0.10 0.00002 0.04636 


2/15/2021 12:39 PM 201.62 0.10 0.00002 0.03407 


2/15/2021 12:40 PM 238.41 0.10 0.00002 0.04029 


2/15/2021 12:41 PM 195.40 0.10 0.00002 0.03302 


2/15/2021 12:42 PM 280.61 0.10 0.00002 0.04742 


2/15/2021 12:43 PM 297.48 0.10 0.00003 0.05027 


2/15/2021 12:44 PM 328.19 0.10 0.00003 0.05546 


2/15/2021 12:45 PM 202.67 0.10 0.00002 0.03425 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 12:46 PM 210.60 0.10 0.00002 0.03559 


2/15/2021 12:47 PM 240.53 0.10 0.00002 0.04065 


2/15/2021 12:48 PM 284.33 0.10 0.00002 0.04805 


2/15/2021 12:49 PM 342.65 0.10 0.00003 0.05791 


2/15/2021 12:50 PM 245.55 0.10 0.00002 0.04150 


2/15/2021 12:51 PM 250.32 0.10 0.00002 0.04230 


2/15/2021 12:52 PM 243.79 0.10 0.00002 0.04120 


2/15/2021 12:53 PM 402.47 0.10 0.00003 0.06802 


2/15/2021 12:54 PM 15.16 0.10 0.00000 0.00256 


2/15/2021 12:55 PM 122.89 0.10 0.00001 0.02077 


2/15/2021 12:56 PM 170.59 0.10 0.00001 0.02883 


2/15/2021 12:57 PM 109.39 0.10 0.00001 0.01849 


2/15/2021 12:58 PM 62.79 0.10 0.00001 0.01061 


2/15/2021 12:59 PM 143.80 0.10 0.00001 0.02430 


2/15/2021 1:00 PM 264.65 0.10 0.00002 0.04473 


2/15/2021 1:01 PM 278.62 0.10 0.00002 0.04709 


2/15/2021 1:02 PM 198.30 0.10 0.00002 0.03351 


2/15/2021 1:03 PM 98.81 0.10 0.00001 0.01670 


2/15/2021 1:04 PM 85.27 0.10 0.00001 0.01441 


2/15/2021 1:05 PM 176.55 0.10 0.00001 0.02984 


2/15/2021 1:06 PM 103.73 0.10 0.00001 0.01753 


2/15/2021 1:07 PM 159.25 0.10 0.00001 0.02691 


2/15/2021 1:08 PM 181.14 0.10 0.00002 0.03061 


2/15/2021 1:09 PM 92.42 0.10 0.00001 0.01562 


2/15/2021 1:10 PM 145.03 0.10 0.00001 0.02451 


2/15/2021 1:11 PM 214.81 0.10 0.00002 0.03630 


2/15/2021 1:12 PM 179.96 0.10 0.00002 0.03041 


2/15/2021 1:13 PM 190.91 0.10 0.00002 0.03226 


2/15/2021 1:14 PM 95.70 0.10 0.00001 0.01617 


2/15/2021 1:15 PM 124.50 0.10 0.00001 0.02104 


2/15/2021 1:16 PM 115.20 0.10 0.00001 0.01947 


2/15/2021 1:17 PM 64.48 0.10 0.00001 0.01090 


2/15/2021 1:18 PM 3.05 0.10 0.00000 0.00052 


2/15/2021 1:19 PM 3.62 0.10 0.00000 0.00061 


2/15/2021 1:24 PM 3.14 0.10 0.00000 0.00053 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 1:25 PM 3.77 0.10 0.00000 0.00064 


2/15/2021 1:26 PM 8.55 0.10 0.00000 0.00144 


2/15/2021 1:27 PM 8.24 0.10 0.00000 0.00139 


2/15/2021 1:28 PM 14.19 0.10 0.00000 0.00240 


2/15/2021 1:29 PM 6.29 0.10 0.00000 0.00106 


2/15/2021 1:30 PM 14.67 7.90 0.00010 0.19583 


2/15/2021 1:31 PM 72.66 7.90 0.00048 0.97009 


2/15/2021 1:32 PM 132.97 7.90 0.00089 1.77522 


2/15/2021 1:33 PM 88.16 7.90 0.00059 1.17703 


2/15/2021 1:34 PM 67.78 7.90 0.00045 0.90492 


2/15/2021 1:35 PM 92.87 7.90 0.00062 1.23995 


2/15/2021 1:36 PM 81.06 7.90 0.00054 1.08217 


2/15/2021 1:37 PM 107.84 7.90 0.00072 1.43974 


2/15/2021 1:38 PM 141.91 7.90 0.00095 1.89459 


2/15/2021 1:39 PM 212.09 7.90 0.00141 2.83163 


2/15/2021 1:40 PM 156.95 7.90 0.00105 2.09540 


2/15/2021 1:41 PM 193.23 7.90 0.00129 2.57984 


2/15/2021 1:42 PM 316.09 7.90 0.00211 4.22014 


2/15/2021 1:43 PM 181.18 7.90 0.00121 2.41887 


2/15/2021 1:44 PM 120.62 7.90 0.00080 1.61035 


2/15/2021 1:45 PM 241.58 7.90 0.00161 3.22529 


2/15/2021 1:46 PM 164.60 7.90 0.00110 2.19752 


2/15/2021 1:47 PM 202.70 7.90 0.00135 2.70628 


2/15/2021 1:48 PM 154.39 7.90 0.00103 2.06124 


2/15/2021 1:49 PM 253.95 7.90 0.00169 3.39053 


2/15/2021 1:50 PM 226.58 7.90 0.00151 3.02508 


2/15/2021 1:51 PM 257.78 7.90 0.00172 3.44162 


2/15/2021 1:52 PM 12.98 7.90 0.00009 0.17333 


2/15/2021 1:53 PM 4.05 7.90 0.00003 0.05409 


2/15/2021 1:54 PM 144.45 7.90 0.00096 1.92855 


2/15/2021 1:55 PM 134.86 7.90 0.00090 1.80049 


2/15/2021 1:56 PM 49.93 7.90 0.00033 0.66662 


2/15/2021 1:57 PM 165.20 7.90 0.00110 2.20562 


2/15/2021 1:58 PM 30.13 7.90 0.00020 0.40226 


2/15/2021 1:59 PM 180.64 7.90 0.00120 2.41171 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 2:00 PM 84.09 7.90 0.00056 1.12264 


2/15/2021 2:01 PM 45.57 7.90 0.00030 0.60842 


2/15/2021 2:02 PM 38.81 7.90 0.00026 0.51814 


2/15/2021 2:03 PM 147.31 7.90 0.00098 1.96674 


2/15/2021 2:04 PM 312.28 7.90 0.00208 4.16919 


2/15/2021 2:05 PM 227.93 7.90 0.00152 3.04311 


2/15/2021 2:06 PM 154.57 7.90 0.00103 2.06364 


2/15/2021 2:07 PM 173.75 7.90 0.00116 2.31978 


2/15/2021 2:08 PM 89.68 7.90 0.00060 1.19729 


2/15/2021 2:09 PM 143.48 7.90 0.00096 1.91559 


2/15/2021 2:10 PM 99.94 7.90 0.00067 1.33429 


2/15/2021 2:11 PM 194.30 7.90 0.00130 2.59412 


2/15/2021 2:12 PM 138.20 7.90 0.00092 1.84511 


2/15/2021 2:13 PM 219.42 7.90 0.00146 2.92945 


2/15/2021 2:14 PM 191.25 7.90 0.00128 2.55336 


2/15/2021 2:15 PM 149.52 7.90 0.00100 1.99618 


2/15/2021 2:16 PM 200.23 7.90 0.00134 2.67328 


2/15/2021 2:17 PM 244.78 7.90 0.00163 3.26805 


2/15/2021 2:18 PM 198.76 7.90 0.00133 2.65365 


2/15/2021 2:19 PM 268.29 7.90 0.00179 3.58195 


2/15/2021 2:20 PM 281.06 7.90 0.00187 3.75248 


2/15/2021 2:21 PM 282.69 7.90 0.00188 3.77421 


2/15/2021 2:22 PM 26.59 7.90 0.00018 0.35504 


2/15/2021 2:43 PM 0.82 0.20 0.00000 0.00028 


2/15/2021 2:44 PM 12.12 0.20 0.00000 0.00410 


2/15/2021 2:45 PM 13.27 0.20 0.00000 0.00448 


2/15/2021 2:46 PM 22.92 0.20 0.00000 0.00775 


2/15/2021 2:47 PM 6.88 0.20 0.00000 0.00232 


2/15/2021 2:48 PM 0.76 0.20 0.00000 0.00026 


2/15/2021 2:49 PM 46.73 0.20 0.00001 0.01580 


2/15/2021 2:50 PM 0.84 0.20 0.00000 0.00028 


2/15/2021 2:51 PM 6.58 0.20 0.00000 0.00223 


2/15/2021 2:52 PM 65.00 0.20 0.00001 0.02197 


2/15/2021 2:53 PM 111.32 0.20 0.00002 0.03763 


2/15/2021 2:54 PM 76.90 0.20 0.00001 0.02599 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 2:55 PM 190.63 0.20 0.00003 0.06443 


2/15/2021 2:56 PM 94.13 0.20 0.00002 0.03182 


2/15/2021 2:57 PM 82.86 0.20 0.00001 0.02801 


2/15/2021 2:58 PM 78.28 0.20 0.00001 0.02646 


2/15/2021 2:59 PM 159.80 0.20 0.00003 0.05401 


2/15/2021 3:00 PM 99.87 0.20 0.00002 0.03376 


2/15/2021 3:01 PM 138.89 0.20 0.00002 0.04694 


2/15/2021 3:02 PM 188.76 0.20 0.00003 0.06380 


2/15/2021 3:03 PM 123.57 0.20 0.00002 0.04177 


2/15/2021 3:04 PM 81.52 0.20 0.00001 0.02755 


2/15/2021 3:05 PM 121.75 0.20 0.00002 0.04115 


2/15/2021 3:06 PM 175.48 0.20 0.00003 0.05931 


2/15/2021 3:07 PM 161.30 0.20 0.00003 0.05452 


2/15/2021 3:08 PM 127.25 0.20 0.00002 0.04301 


2/15/2021 3:09 PM 211.57 0.20 0.00004 0.07151 


2/15/2021 3:10 PM 56.78 0.20 0.00001 0.01919 


2/15/2021 3:11 PM 23.14 0.20 0.00000 0.00782 


2/15/2021 3:12 PM 44.27 0.20 0.00001 0.01496 


2/15/2021 3:13 PM 83.92 0.20 0.00001 0.02837 


2/15/2021 3:14 PM 40.46 0.20 0.00001 0.01367 


2/15/2021 3:15 PM 5.83 0.20 0.00000 0.00197 


2/15/2021 3:16 PM 34.90 0.20 0.00001 0.01180 


2/15/2021 3:17 PM 70.34 0.20 0.00001 0.02377 


2/15/2021 3:18 PM 75.60 0.20 0.00001 0.02555 


2/15/2021 3:19 PM 99.20 0.20 0.00002 0.03353 


2/15/2021 3:20 PM 172.23 0.20 0.00003 0.05821 


2/15/2021 3:21 PM 193.90 0.20 0.00003 0.06554 


2/15/2021 3:22 PM 121.75 0.20 0.00002 0.04115 


2/15/2021 3:23 PM 24.37 0.20 0.00000 0.00824 


2/15/2021 3:24 PM 0.14 0.20 0.00000 0.00005 


2/15/2021 3:25 PM 6.25 0.20 0.00000 0.00211 


2/15/2021 3:26 PM 25.16 0.20 0.00000 0.00850 


2/15/2021 3:27 PM 54.59 0.20 0.00001 0.01845 


2/15/2021 3:28 PM 50.59 0.20 0.00001 0.01710 


2/15/2021 3:29 PM 89.65 0.20 0.00002 0.03030 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 3:30 PM 107.03 0.20 0.00002 0.03617 


2/15/2021 3:31 PM 50.41 0.20 0.00001 0.01704 


2/15/2021 3:32 PM 111.48 0.20 0.00002 0.03768 


2/15/2021 3:33 PM 156.10 0.20 0.00003 0.05276 


2/15/2021 3:34 PM 115.00 0.20 0.00002 0.03887 


2/15/2021 3:35 PM 153.74 0.20 0.00003 0.05196 


2/15/2021 3:36 PM 201.55 0.20 0.00003 0.06812 


2/15/2021 3:37 PM 131.74 0.20 0.00002 0.04453 


2/15/2021 3:38 PM 155.73 0.20 0.00003 0.05264 


2/15/2021 3:39 PM 95.81 0.20 0.00002 0.03239 


2/15/2021 3:40 PM 0.33 0.20 0.00000 0.00011 


2/15/2021 3:48 PM 1.59 0.20 0.00000 0.00054 


2/15/2021 3:49 PM 58.16 0.20 0.00001 0.01966 


2/15/2021 3:50 PM 240.14 0.20 0.00004 0.08117 


2/15/2021 3:51 PM 87.63 0.20 0.00001 0.02962 


2/15/2021 3:52 PM 11.86 0.20 0.00000 0.00401 


2/15/2021 3:53 PM 28.54 0.20 0.00000 0.00965 


2/15/2021 3:54 PM 28.23 0.20 0.00000 0.00954 


2/15/2021 3:55 PM 59.26 0.20 0.00001 0.02003 


2/15/2021 3:56 PM 85.21 0.20 0.00001 0.02880 


2/15/2021 3:57 PM 197.47 0.20 0.00003 0.06674 


2/15/2021 3:58 PM 0.59 0.20 0.00000 0.00020 


2/15/2021 4:52 PM 5.67 0.10 0.00000 0.00096 


2/15/2021 4:53 PM 14.53 0.10 0.00000 0.00245 


2/15/2021 4:54 PM 55.09 0.10 0.00000 0.00931 


2/15/2021 4:55 PM 66.24 0.10 0.00001 0.01119 


2/15/2021 4:56 PM 112.46 0.10 0.00001 0.01901 


2/15/2021 4:57 PM 157.18 0.10 0.00001 0.02656 


2/15/2021 5:06 PM 0.73 0.10 0.00000 0.00012 


2/15/2021 5:07 PM 2.26 0.10 0.00000 0.00038 


2/15/2021 5:08 PM 13.18 0.10 0.00000 0.00223 


2/15/2021 5:09 PM 4.91 0.10 0.00000 0.00083 


2/15/2021 5:10 PM 2.72 0.10 0.00000 0.00046 


2/15/2021 5:11 PM 13.55 0.10 0.00000 0.00229 


2/15/2021 5:12 PM 15.75 0.10 0.00000 0.00266 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 5:13 PM 8.46 0.10 0.00000 0.00143 


2/15/2021 5:16 PM 6.14 0.10 0.00000 0.00104 


2/15/2021 5:18 PM 12.27 0.10 0.00000 0.00207 


2/15/2021 5:23 PM 4.89 0.10 0.00000 0.00083 


2/15/2021 5:24 PM 33.89 0.10 0.00000 0.00573 


2/15/2021 5:25 PM 10.82 0.10 0.00000 0.00183 


2/15/2021 5:31 PM 2.74 0.10 0.00000 0.00046 


2/15/2021 5:50 PM 24.98 0.10 0.00000 0.00422 


2/15/2021 5:51 PM 0.75 0.10 0.00000 0.00013 


2/15/2021 5:57 PM 8.42 0.10 0.00000 0.00142 


2/15/2021 5:59 PM 9.24 0.10 0.00000 0.00156 


2/15/2021 6:15 PM 9.22 0.10 0.00000 0.00156 


2/15/2021 6:17 PM 0.61 0.10 0.00000 0.00010 


2/15/2021 6:18 PM 23.11 0.10 0.00000 0.00391 


2/15/2021 6:19 PM 162.42 0.10 0.00001 0.02745 


2/15/2021 6:20 PM 46.32 0.10 0.00000 0.00783 


2/15/2021 7:10 PM 70.70 6.30 0.00038 0.75275 


2/15/2021 7:11 PM 24.91 6.30 0.00013 0.26520 


2/15/2021 7:14 PM 32.87 6.30 0.00017 0.35001 


2/15/2021 7:15 PM 623.23 6.30 0.00331 6.63557 


2/15/2021 7:16 PM 129.53 6.30 0.00069 1.37910 


2/15/2021 7:24 PM 0.62 6.30 0.00000 0.00664 


2/15/2021 7:25 PM 4.53 6.30 0.00002 0.04826 


2/15/2021 7:27 PM 93.45 6.30 0.00050 0.99492 


2/15/2021 7:28 PM 233.47 6.30 0.00124 2.48575 


2/15/2021 7:31 PM 389.30 0.30 0.00010 0.19738 


2/15/2021 7:32 PM 366.98 0.30 0.00009 0.18606 


2/15/2021 7:33 PM 88.44 0.30 0.00002 0.04484 


2/15/2021 7:34 PM 134.76 0.30 0.00003 0.06833 


2/15/2021 7:35 PM 262.11 0.30 0.00007 0.13289 


2/15/2021 7:36 PM 61.28 0.30 0.00002 0.03107 


2/15/2021 7:37 PM 105.33 0.30 0.00003 0.05340 


2/15/2021 7:38 PM 121.38 0.30 0.00003 0.06154 


2/15/2021 7:39 PM 273.64 0.30 0.00007 0.13873 


2/15/2021 7:40 PM 22.75 0.30 0.00001 0.01153 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 7:41 PM 13.26 0.30 0.00000 0.00672 


2/15/2021 7:42 PM 5.79 0.30 0.00000 0.00294 


2/15/2021 7:43 PM 27.71 0.30 0.00001 0.01405 


2/15/2021 7:44 PM 115.68 0.30 0.00003 0.05865 


2/15/2021 7:45 PM 129.48 0.30 0.00003 0.06565 


2/15/2021 7:46 PM 28.59 0.30 0.00001 0.01450 


2/15/2021 7:47 PM 48.98 0.30 0.00001 0.02483 


2/15/2021 7:48 PM 204.68 0.30 0.00005 0.10377 


2/15/2021 7:49 PM 256.98 0.30 0.00007 0.13029 


2/15/2021 7:50 PM 261.42 0.30 0.00007 0.13254 


2/15/2021 7:51 PM 267.87 0.30 0.00007 0.13581 


2/15/2021 7:52 PM 253.90 0.30 0.00006 0.12873 


2/15/2021 7:53 PM 196.47 0.30 0.00005 0.09961 


2/15/2021 7:54 PM 208.12 0.30 0.00005 0.10552 


2/15/2021 7:55 PM 380.39 0.30 0.00010 0.19286 


2/15/2021 7:56 PM 397.91 0.30 0.00010 0.20174 


2/15/2021 7:57 PM 223.33 0.30 0.00006 0.11323 


2/15/2021 7:58 PM 206.63 0.30 0.00005 0.10476 


2/15/2021 7:59 PM 303.73 0.30 0.00008 0.15399 


2/15/2021 8:00 PM 245.27 0.30 0.00006 0.12435 


2/15/2021 8:01 PM 313.07 0.30 0.00008 0.15873 


2/15/2021 8:02 PM 238.05 0.30 0.00006 0.12069 


2/15/2021 8:03 PM 251.37 0.30 0.00006 0.12744 


2/15/2021 8:04 PM 173.45 0.30 0.00004 0.08794 


2/15/2021 8:05 PM 266.87 0.30 0.00007 0.13531 


2/15/2021 8:06 PM 379.60 0.30 0.00010 0.19246 


2/15/2021 8:07 PM 409.22 0.30 0.00010 0.20748 


2/15/2021 8:08 PM 456.09 0.30 0.00012 0.23124 


2/15/2021 8:09 PM 429.03 0.30 0.00011 0.21752 


2/15/2021 8:10 PM 385.34 0.30 0.00010 0.19537 


2/15/2021 8:11 PM 346.77 0.30 0.00009 0.17581 


2/15/2021 8:12 PM 286.10 0.30 0.00007 0.14505 


2/15/2021 8:13 PM 306.43 0.30 0.00008 0.15536 


2/15/2021 8:14 PM 409.22 0.30 0.00010 0.20747 


2/15/2021 8:15 PM 426.64 0.30 0.00011 0.21631 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 8:16 PM 331.11 0.30 0.00008 0.16787 


2/15/2021 8:17 PM 132.56 0.30 0.00003 0.06721 


2/15/2021 8:18 PM 176.77 0.30 0.00004 0.08962 


2/15/2021 8:19 PM 339.49 0.30 0.00009 0.17212 


2/15/2021 8:20 PM 338.01 0.30 0.00009 0.17137 


2/15/2021 8:21 PM 324.60 0.30 0.00008 0.16457 


2/15/2021 8:22 PM 344.56 0.30 0.00009 0.17469 


2/15/2021 8:23 PM 302.20 0.30 0.00008 0.15321 


2/15/2021 8:24 PM 192.56 0.30 0.00005 0.09763 


2/15/2021 8:25 PM 179.48 0.30 0.00005 0.09100 


2/15/2021 8:26 PM 71.74 0.30 0.00002 0.03637 


2/15/2021 8:27 PM 63.64 0.30 0.00002 0.03227 


2/15/2021 8:28 PM 170.77 0.30 0.00004 0.08658 


2/15/2021 8:29 PM 268.58 0.30 0.00007 0.13617 


2/15/2021 8:30 PM 356.06 4.20 0.00126 2.52731 


2/15/2021 8:31 PM 262.76 4.20 0.00093 1.86510 


2/15/2021 8:32 PM 291.03 4.20 0.00103 2.06572 


2/15/2021 8:33 PM 389.49 4.20 0.00138 2.76460 


2/15/2021 8:34 PM 246.05 4.20 0.00087 1.74650 


2/15/2021 8:35 PM 315.55 4.20 0.00112 2.23980 


2/15/2021 8:36 PM 311.90 4.20 0.00111 2.21390 


2/15/2021 8:37 PM 345.34 4.20 0.00122 2.45125 


2/15/2021 8:38 PM 369.63 4.20 0.00131 2.62366 


2/15/2021 8:39 PM 271.85 4.20 0.00096 1.92959 


2/15/2021 8:40 PM 254.24 4.20 0.00090 1.80460 


2/15/2021 8:41 PM 298.56 4.20 0.00106 2.11918 


2/15/2021 8:42 PM 259.00 4.20 0.00092 1.83838 


2/15/2021 8:43 PM 330.98 4.20 0.00117 2.34929 


2/15/2021 8:44 PM 355.80 4.20 0.00126 2.52549 


2/15/2021 8:45 PM 289.74 4.20 0.00103 2.05660 


2/15/2021 8:46 PM 338.51 4.20 0.00120 2.40272 


2/15/2021 8:47 PM 306.82 4.20 0.00109 2.17782 


2/15/2021 8:48 PM 280.96 4.20 0.00100 1.99428 


2/15/2021 8:49 PM 316.11 4.20 0.00112 2.24372 


2/15/2021 8:50 PM 334.38 4.20 0.00119 2.37342 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 8:51 PM 242.81 4.20 0.00086 1.72343 


2/15/2021 8:52 PM 323.94 4.20 0.00115 2.29935 


2/15/2021 8:53 PM 490.32 4.20 0.00174 3.48029 


2/15/2021 8:54 PM 306.08 4.20 0.00108 2.17255 


2/15/2021 8:55 PM 393.17 4.20 0.00139 2.79075 


2/15/2021 8:56 PM 360.58 4.20 0.00128 2.55942 


2/15/2021 8:57 PM 336.35 4.20 0.00119 2.38741 


2/15/2021 8:58 PM 259.95 4.20 0.00092 1.84511 


2/15/2021 8:59 PM 232.51 4.20 0.00082 1.65033 


2/15/2021 9:00 PM 239.71 4.20 0.00085 1.70147 


2/15/2021 9:01 PM 238.52 4.20 0.00085 1.69299 


2/15/2021 9:02 PM 220.55 4.20 0.00078 1.56546 


2/15/2021 9:03 PM 177.42 4.20 0.00063 1.25934 


2/15/2021 9:04 PM 143.50 4.20 0.00051 1.01857 


2/15/2021 9:05 PM 141.49 4.20 0.00050 1.00427 


2/15/2021 9:06 PM 166.22 4.20 0.00059 1.17980 


2/15/2021 9:07 PM 219.02 4.20 0.00078 1.55463 


2/15/2021 9:08 PM 246.58 4.20 0.00087 1.75021 


2/15/2021 9:09 PM 567.09 4.20 0.00201 4.02521 


2/15/2021 9:10 PM 731.46 4.20 0.00259 5.19191 


2/15/2021 9:11 PM 796.25 4.20 0.00282 5.65178 


2/15/2021 9:12 PM 736.78 4.20 0.00261 5.22966 


2/15/2021 9:13 PM 430.27 4.20 0.00153 3.05409 


2/15/2021 9:14 PM 305.09 4.20 0.00108 2.16551 


2/15/2021 9:15 PM 305.18 4.20 0.00108 2.16620 


2/15/2021 9:16 PM 232.03 4.20 0.00082 1.64696 


2/15/2021 9:17 PM 109.53 4.20 0.00039 0.77742 


2/15/2021 9:18 PM 264.52 4.20 0.00094 1.87758 


2/15/2021 9:19 PM 442.25 4.20 0.00157 3.13909 


2/15/2021 9:20 PM 3176.45 4.20 0.01126 22.54644 


2/15/2021 9:21 PM 527.04 4.20 0.00187 3.74095 


2/15/2021 9:23 PM 116.31 4.20 0.00041 0.82557 


2/15/2021 9:24 PM 349.44 4.20 0.00124 2.48031 


2/15/2021 9:25 PM 79.26 4.20 0.00028 0.56256 


2/15/2021 9:26 PM 918.58 4.20 0.00326 6.52007 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 9:27 PM 1940.18 4.20 0.00688 13.77142 


2/15/2021 9:28 PM 376.57 4.20 0.00133 2.67286 


2/15/2021 9:29 PM 409.34 4.20 0.00145 2.90551 


2/15/2021 9:30 PM 802.18 0.10 0.00007 0.13557 


2/15/2021 9:31 PM 737.08 0.10 0.00006 0.12457 


2/15/2021 9:32 PM 669.35 0.10 0.00006 0.11312 


2/15/2021 9:33 PM 483.27 0.10 0.00004 0.08167 


2/15/2021 9:34 PM 371.42 0.10 0.00003 0.06277 


2/15/2021 9:35 PM 409.23 0.10 0.00003 0.06916 


2/15/2021 9:36 PM 417.27 0.10 0.00004 0.07052 


2/15/2021 9:37 PM 413.84 0.10 0.00003 0.06994 


2/15/2021 9:38 PM 461.74 0.10 0.00004 0.07803 


2/15/2021 9:39 PM 320.65 0.10 0.00003 0.05419 


2/15/2021 9:40 PM 315.61 0.10 0.00003 0.05334 


2/15/2021 9:41 PM 375.40 0.10 0.00003 0.06344 


2/15/2021 9:42 PM 335.11 0.10 0.00003 0.05663 


2/15/2021 9:43 PM 429.89 0.10 0.00004 0.07265 


2/15/2021 9:44 PM 352.93 0.10 0.00003 0.05964 


2/15/2021 9:45 PM 462.99 0.10 0.00004 0.07825 


2/15/2021 9:46 PM 427.95 0.10 0.00004 0.07232 


2/15/2021 9:47 PM 399.21 0.10 0.00003 0.06747 


2/15/2021 9:48 PM 448.03 0.10 0.00004 0.07572 


2/15/2021 9:49 PM 398.28 0.10 0.00003 0.06731 


2/15/2021 9:50 PM 447.78 0.10 0.00004 0.07568 


2/15/2021 9:51 PM 345.72 0.10 0.00003 0.05843 


2/15/2021 9:52 PM 312.09 0.10 0.00003 0.05274 


2/15/2021 9:53 PM 342.88 0.10 0.00003 0.05795 


2/15/2021 9:54 PM 393.16 0.10 0.00003 0.06644 


2/15/2021 9:55 PM 271.01 0.10 0.00002 0.04580 


2/15/2021 9:56 PM 262.82 0.10 0.00002 0.04442 


2/15/2021 9:57 PM 281.84 0.10 0.00002 0.04763 


2/15/2021 9:58 PM 388.12 0.10 0.00003 0.06559 


2/15/2021 9:59 PM 531.65 0.10 0.00004 0.08985 


2/15/2021 10:00 PM 356.49 0.10 0.00003 0.06025 


2/15/2021 10:01 PM 249.00 0.10 0.00002 0.04208 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 10:02 PM 299.15 0.10 0.00003 0.05056 


2/15/2021 10:03 PM 499.29 0.10 0.00004 0.08438 


2/15/2021 10:04 PM 344.17 0.10 0.00003 0.05816 


2/15/2021 10:05 PM 373.49 0.10 0.00003 0.06312 


2/15/2021 10:06 PM 329.94 0.10 0.00003 0.05576 


2/15/2021 10:07 PM 492.38 0.10 0.00004 0.08321 


2/15/2021 10:08 PM 198.42 0.10 0.00002 0.03353 


2/15/2021 10:09 PM 269.44 0.10 0.00002 0.04554 


2/15/2021 10:10 PM 227.52 0.10 0.00002 0.03845 


2/15/2021 10:11 PM 256.76 0.10 0.00002 0.04339 


2/15/2021 10:12 PM 178.26 0.10 0.00002 0.03013 


2/15/2021 10:13 PM 195.80 0.10 0.00002 0.03309 


2/15/2021 10:14 PM 234.43 0.10 0.00002 0.03962 


2/15/2021 10:15 PM 256.96 0.10 0.00002 0.04343 


2/15/2021 10:16 PM 130.83 0.10 0.00001 0.02211 


2/15/2021 10:17 PM 184.47 0.10 0.00002 0.03118 


2/15/2021 10:18 PM 347.21 0.10 0.00003 0.05868 


2/15/2021 10:19 PM 4.72 0.10 0.00000 0.00080 


2/15/2021 10:23 PM 148.40 0.10 0.00001 0.02508 


2/15/2021 10:24 PM 35.39 0.10 0.00000 0.00598 


2/15/2021 10:25 PM 41.17 0.10 0.00000 0.00696 


2/15/2021 10:26 PM 24.12 0.10 0.00000 0.00408 


2/15/2021 10:27 PM 15.37 0.10 0.00000 0.00260 


2/15/2021 10:28 PM 19.14 0.10 0.00000 0.00323 


2/15/2021 10:29 PM 16.12 0.10 0.00000 0.00272 


2/15/2021 10:30 PM 7.61 0.49 0.00000 0.00631 


2/15/2021 10:31 PM 10.40 0.49 0.00000 0.00862 


2/15/2021 10:32 PM 88.14 0.49 0.00004 0.07299 


2/15/2021 10:33 PM 333.62 0.49 0.00014 0.27627 


2/15/2021 10:34 PM 214.98 0.49 0.00009 0.17802 


2/15/2021 10:38 PM 5.45 0.49 0.00000 0.00451 


2/15/2021 10:39 PM 30.41 0.49 0.00001 0.02518 


2/15/2021 10:40 PM 2.20 0.49 0.00000 0.00182 


2/15/2021 10:41 PM 5.62 0.49 0.00000 0.00466 


2/15/2021 10:42 PM 8.36 0.49 0.00000 0.00693 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 10:43 PM 14.77 0.49 0.00001 0.01223 


2/15/2021 10:44 PM 4.47 0.49 0.00000 0.00371 


2/15/2021 10:45 PM 27.60 0.49 0.00001 0.02286 


2/15/2021 10:46 PM 27.98 0.49 0.00001 0.02317 


2/15/2021 10:47 PM 7.53 0.49 0.00000 0.00624 


2/15/2021 10:48 PM 14.65 0.49 0.00001 0.01213 


2/15/2021 10:49 PM 369.09 0.49 0.00015 0.30564 


2/15/2021 10:50 PM 196.57 0.49 0.00008 0.16278 


2/15/2021 10:51 PM 3.98 0.49 0.00000 0.00329 


2/15/2021 10:52 PM 129.18 0.49 0.00005 0.10698 


2/15/2021 10:53 PM 191.07 0.49 0.00008 0.15823 


2/15/2021 10:54 PM 75.86 0.49 0.00003 0.06282 


2/15/2021 10:55 PM 49.37 0.49 0.00002 0.04089 


2/15/2021 10:56 PM 51.87 0.49 0.00002 0.04296 


2/15/2021 10:57 PM 23.71 0.49 0.00001 0.01963 


2/15/2021 10:58 PM 84.59 0.49 0.00003 0.07005 


2/15/2021 10:59 PM 163.17 0.49 0.00007 0.13512 


2/15/2021 11:00 PM 174.41 0.49 0.00007 0.14443 


2/15/2021 11:01 PM 93.78 0.49 0.00004 0.07766 


2/15/2021 11:02 PM 157.85 0.49 0.00007 0.13072 


2/15/2021 11:03 PM 378.92 0.49 0.00016 0.31378 


2/15/2021 11:04 PM 47.51 0.49 0.00002 0.03935 


2/15/2021 11:05 PM 7.52 0.49 0.00000 0.00623 


2/15/2021 11:06 PM 76.62 0.49 0.00003 0.06345 


2/15/2021 11:07 PM 29.53 0.49 0.00001 0.02445 


2/15/2021 11:08 PM 72.08 0.49 0.00003 0.05969 


2/15/2021 11:09 PM 66.95 0.49 0.00003 0.05544 


2/15/2021 11:10 PM 138.72 0.49 0.00006 0.11487 


2/15/2021 11:11 PM 93.68 0.49 0.00004 0.07758 


2/15/2021 11:12 PM 260.45 0.49 0.00011 0.21568 


2/15/2021 11:13 PM 175.92 0.49 0.00007 0.14568 


2/15/2021 11:14 PM 162.85 0.49 0.00007 0.13486 


2/15/2021 11:15 PM 407.69 0.49 0.00017 0.33761 


2/15/2021 11:16 PM 7.74 0.49 0.00000 0.00641 


2/15/2021 11:17 PM 126.97 0.49 0.00005 0.10514 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 11:18 PM 212.90 0.49 0.00009 0.17630 


2/15/2021 11:19 PM 53.13 0.49 0.00002 0.04400 


2/15/2021 11:20 PM 285.50 0.49 0.00012 0.23642 


2/15/2021 11:21 PM 236.25 0.49 0.00010 0.19564 


2/15/2021 11:22 PM 83.17 0.49 0.00003 0.06888 


2/15/2021 11:23 PM 254.06 0.49 0.00011 0.21038 


2/15/2021 11:24 PM 380.36 0.49 0.00016 0.31498 


2/15/2021 11:25 PM 333.12 0.49 0.00014 0.27585 


2/15/2021 11:26 PM 210.99 0.49 0.00009 0.17472 


2/15/2021 11:27 PM 137.37 0.49 0.00006 0.11376 


2/15/2021 11:28 PM 382.32 0.49 0.00016 0.31660 


2/15/2021 11:29 PM 66.65 0.49 0.00003 0.05519 


2/15/2021 11:30 PM 120.06 0.49 0.00005 0.09942 


2/15/2021 11:31 PM 276.44 0.49 0.00011 0.22892 


2/15/2021 11:32 PM 175.25 0.49 0.00007 0.14513 


2/15/2021 11:33 PM 271.98 0.49 0.00011 0.22523 


2/15/2021 11:34 PM 311.34 0.49 0.00013 0.25782 


2/15/2021 11:35 PM 251.94 0.49 0.00010 0.20863 


2/15/2021 11:36 PM 495.22 0.49 0.00020 0.41009 


2/15/2021 11:37 PM 202.24 0.49 0.00008 0.16747 


2/15/2021 11:38 PM 262.52 0.49 0.00011 0.21739 


2/15/2021 11:39 PM 296.16 0.49 0.00012 0.24525 


2/15/2021 11:40 PM 212.29 0.49 0.00009 0.17580 


2/15/2021 11:41 PM 219.50 0.49 0.00009 0.18176 


2/15/2021 11:42 PM 228.40 0.49 0.00009 0.18913 


2/15/2021 11:43 PM 208.05 0.49 0.00009 0.17229 


2/15/2021 11:44 PM 195.59 0.49 0.00008 0.16197 


2/15/2021 11:45 PM 277.77 0.49 0.00011 0.23002 


2/15/2021 11:46 PM 186.80 0.49 0.00008 0.15469 


2/15/2021 11:47 PM 260.09 0.49 0.00011 0.21538 


2/15/2021 11:48 PM 290.34 0.49 0.00012 0.24043 


2/15/2021 11:49 PM 325.94 0.49 0.00013 0.26991 


2/15/2021 11:50 PM 246.72 0.49 0.00010 0.20431 


2/15/2021 11:51 PM 334.26 0.49 0.00014 0.27680 


2/15/2021 11:52 PM 281.81 0.49 0.00012 0.23337 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/15/2021 11:53 PM 343.63 0.49 0.00014 0.28456 


2/15/2021 11:54 PM 219.56 0.49 0.00009 0.18182 


2/15/2021 11:55 PM 173.96 0.49 0.00007 0.14406 


2/15/2021 11:56 PM 196.19 0.49 0.00008 0.16247 


2/15/2021 11:57 PM 38.69 0.49 0.00002 0.03204 


2/15/2021 11:58 PM 15.00 0.49 0.00001 0.01242 


2/16/2021 12:00 AM 734.74 0.40 0.00025 0.49669 


2/16/2021 12:01 AM 265.41 0.40 0.00009 0.17942 


2/16/2021 12:02 AM 291.43 0.40 0.00010 0.19701 


2/16/2021 12:03 AM 398.09 0.40 0.00013 0.26911 


2/16/2021 12:04 AM 284.97 0.40 0.00010 0.19264 


2/16/2021 12:05 AM 223.05 0.40 0.00008 0.15078 


2/16/2021 12:06 AM 230.50 0.40 0.00008 0.15582 


2/16/2021 12:07 AM 262.25 0.40 0.00009 0.17728 


2/16/2021 12:08 AM 275.34 0.40 0.00009 0.18613 


2/16/2021 12:09 AM 203.97 0.40 0.00007 0.13788 


2/16/2021 12:10 AM 306.38 0.40 0.00010 0.20711 


2/16/2021 12:11 AM 439.95 0.40 0.00015 0.29740 


2/16/2021 12:12 AM 439.89 0.40 0.00015 0.29736 


2/16/2021 12:13 AM 301.97 0.40 0.00010 0.20413 


2/16/2021 12:14 AM 451.15 0.40 0.00015 0.30498 


2/16/2021 12:15 AM 378.34 0.40 0.00013 0.25576 


2/16/2021 12:16 AM 302.04 0.40 0.00010 0.20418 


2/16/2021 12:17 AM 289.54 0.40 0.00010 0.19573 


2/16/2021 12:18 AM 331.91 0.40 0.00011 0.22437 


2/16/2021 12:19 AM 306.97 0.40 0.00010 0.20751 


2/16/2021 12:20 AM 471.62 0.40 0.00016 0.31882 


2/16/2021 12:21 AM 521.65 0.40 0.00018 0.35263 


2/16/2021 12:22 AM 469.49 0.40 0.00016 0.31738 


2/16/2021 12:23 AM 456.96 0.40 0.00015 0.30891 


2/16/2021 12:24 AM 350.49 0.40 0.00012 0.23693 


2/16/2021 12:25 AM 386.27 0.40 0.00013 0.26112 


2/16/2021 12:26 AM 477.96 0.40 0.00016 0.32310 


2/16/2021 12:27 AM 357.43 0.40 0.00012 0.24162 


2/16/2021 12:28 AM 352.31 0.40 0.00012 0.23816 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 12:29 AM 374.81 0.40 0.00013 0.25337 


2/16/2021 12:30 AM 402.29 0.40 0.00014 0.27195 


2/16/2021 12:31 AM 476.25 0.40 0.00016 0.32194 


2/16/2021 12:32 AM 460.25 0.40 0.00016 0.31113 


2/16/2021 12:33 AM 431.75 0.40 0.00015 0.29186 


2/16/2021 12:34 AM 530.20 0.40 0.00018 0.35841 


2/16/2021 12:35 AM 415.13 0.40 0.00014 0.28063 


2/16/2021 12:36 AM 380.59 0.40 0.00013 0.25728 


2/16/2021 12:37 AM 415.17 0.40 0.00014 0.28065 


2/16/2021 12:38 AM 424.03 0.40 0.00014 0.28665 


2/16/2021 12:39 AM 416.72 0.40 0.00014 0.28170 


2/16/2021 12:40 AM 453.48 0.40 0.00015 0.30655 


2/16/2021 12:41 AM 456.44 0.40 0.00015 0.30855 


2/16/2021 12:42 AM 469.20 0.40 0.00016 0.31718 


2/16/2021 12:43 AM 505.08 0.40 0.00017 0.34144 


2/16/2021 12:44 AM 422.08 0.40 0.00014 0.28532 


2/16/2021 12:45 AM 541.29 0.40 0.00018 0.36591 


2/16/2021 12:46 AM 607.49 0.40 0.00021 0.41066 


2/16/2021 12:47 AM 487.83 0.40 0.00016 0.32977 


2/16/2021 12:48 AM 634.63 0.40 0.00021 0.42901 


2/16/2021 12:49 AM 538.94 0.40 0.00018 0.36432 


2/16/2021 12:50 AM 417.44 0.40 0.00014 0.28219 


2/16/2021 12:51 AM 461.67 0.40 0.00016 0.31209 


2/16/2021 12:52 AM 369.32 0.40 0.00012 0.24966 


2/16/2021 12:53 AM 361.62 0.40 0.00012 0.24446 


2/16/2021 12:54 AM 510.88 0.40 0.00017 0.34535 


2/16/2021 12:55 AM 617.95 0.40 0.00021 0.41774 


2/16/2021 12:56 AM 573.08 0.40 0.00019 0.38741 


2/16/2021 12:57 AM 371.43 0.40 0.00013 0.25108 


2/16/2021 12:58 AM 359.01 0.40 0.00012 0.24269 


2/16/2021 12:59 AM 391.58 0.40 0.00013 0.26471 


2/16/2021 1:00 AM 520.13 0.40 0.00018 0.35161 


2/16/2021 1:01 AM 456.86 0.40 0.00015 0.30884 


2/16/2021 1:02 AM 480.35 0.40 0.00016 0.32472 


2/16/2021 1:03 AM 486.12 0.40 0.00016 0.32861 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 1:04 AM 505.93 0.40 0.00017 0.34201 


2/16/2021 1:05 AM 405.84 0.40 0.00014 0.27435 


2/16/2021 1:06 AM 474.50 0.40 0.00016 0.32076 


2/16/2021 1:07 AM 321.36 0.40 0.00011 0.21724 


2/16/2021 1:08 AM 311.13 0.40 0.00011 0.21032 


2/16/2021 1:09 AM 331.00 0.40 0.00011 0.22376 


2/16/2021 1:10 AM 387.23 0.40 0.00013 0.26177 


2/16/2021 1:11 AM 465.24 0.40 0.00016 0.31450 


2/16/2021 1:12 AM 286.64 0.40 0.00010 0.19377 


2/16/2021 1:13 AM 227.74 0.40 0.00008 0.15396 


2/16/2021 1:14 AM 265.52 0.40 0.00009 0.17949 


2/16/2021 1:15 AM 302.51 0.40 0.00010 0.20449 


2/16/2021 1:16 AM 333.73 0.40 0.00011 0.22560 


2/16/2021 1:17 AM 404.52 0.40 0.00014 0.27346 


2/16/2021 1:18 AM 557.89 0.40 0.00019 0.37713 


2/16/2021 1:19 AM 983.82 0.40 0.00033 0.66506 


2/16/2021 1:20 AM 416.92 0.40 0.00014 0.28183 


2/16/2021 1:21 AM 367.69 0.40 0.00012 0.24856 


2/16/2021 1:22 AM 305.23 0.40 0.00010 0.20633 


2/16/2021 1:23 AM 427.02 0.40 0.00014 0.28866 


2/16/2021 1:24 AM 607.58 0.40 0.00021 0.41072 


2/16/2021 1:25 AM 378.22 0.40 0.00013 0.25567 


2/16/2021 1:26 AM 588.32 0.40 0.00020 0.39771 


2/16/2021 1:27 AM 387.79 0.40 0.00013 0.26215 


2/16/2021 1:28 AM 407.37 0.40 0.00014 0.27538 


2/16/2021 1:29 AM 541.39 0.40 0.00018 0.36598 


2/16/2021 1:30 AM 579.53 0.30 0.00015 0.29382 


2/16/2021 1:31 AM 433.37 0.30 0.00011 0.21972 


2/16/2021 1:32 AM 231.34 0.30 0.00006 0.11729 


2/16/2021 1:33 AM 358.22 0.30 0.00009 0.18162 


2/16/2021 1:34 AM 301.27 0.30 0.00008 0.15275 


2/16/2021 1:35 AM 297.68 0.30 0.00008 0.15092 


2/16/2021 1:36 AM 230.69 0.30 0.00006 0.11696 


2/16/2021 1:37 AM 250.43 0.30 0.00006 0.12697 


2/16/2021 1:38 AM 242.74 0.30 0.00006 0.12307 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 1:39 AM 196.85 0.30 0.00005 0.09980 


2/16/2021 1:40 AM 189.21 0.30 0.00005 0.09593 


2/16/2021 1:41 AM 0.74 0.30 0.00000 0.00038 


2/16/2021 1:53 AM 4.45 0.30 0.00000 0.00226 


2/16/2021 2:03 AM 2039.04 0.30 0.00052 1.03379 


2/16/2021 2:04 AM 692.69 0.30 0.00018 0.35119 


2/16/2021 2:05 AM 2325.21 0.30 0.00059 1.17888 


2/16/2021 2:06 AM 486.09 0.30 0.00012 0.24645 


2/16/2021 2:07 AM 312.40 0.30 0.00008 0.15839 


2/16/2021 2:08 AM 180.05 0.30 0.00005 0.09128 


2/16/2021 2:09 AM 170.92 0.30 0.00004 0.08665 


2/16/2021 2:10 AM 178.60 0.30 0.00005 0.09055 


2/16/2021 2:11 AM 253.31 0.30 0.00006 0.12843 


2/16/2021 2:12 AM 218.20 0.30 0.00006 0.11063 


2/16/2021 2:13 AM 291.22 0.30 0.00007 0.14765 


2/16/2021 2:14 AM 282.34 0.30 0.00007 0.14315 


2/16/2021 2:15 AM 422.84 0.30 0.00011 0.21438 


2/16/2021 2:16 AM 388.14 0.30 0.00010 0.19679 


2/16/2021 2:17 AM 587.11 0.30 0.00015 0.29766 


2/16/2021 2:18 AM 473.38 0.30 0.00012 0.24000 


2/16/2021 2:19 AM 295.62 0.30 0.00007 0.14988 


2/16/2021 2:20 AM 337.84 0.30 0.00009 0.17128 


2/16/2021 2:21 AM 343.41 0.30 0.00009 0.17411 


2/16/2021 2:22 AM 470.52 0.30 0.00012 0.23855 


2/16/2021 2:23 AM 442.18 0.30 0.00011 0.22419 


2/16/2021 2:24 AM 235.16 0.30 0.00006 0.11922 


2/16/2021 2:25 AM 344.48 0.30 0.00009 0.17465 


2/16/2021 2:26 AM 401.95 0.30 0.00010 0.20379 


2/16/2021 2:27 AM 396.30 0.30 0.00010 0.20093 


2/16/2021 2:28 AM 397.02 0.30 0.00010 0.20129 


2/16/2021 2:29 AM 322.07 0.30 0.00008 0.16329 


2/16/2021 2:30 AM 350.70 0.30 0.00009 0.17780 


2/16/2021 2:31 AM 452.23 0.30 0.00011 0.22928 


2/16/2021 2:32 AM 2550.99 0.30 0.00065 1.29335 


2/16/2021 2:33 AM 1346.45 0.30 0.00034 0.68265 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 2:34 AM 688.99 0.30 0.00017 0.34932 


2/16/2021 2:35 AM 637.57 0.30 0.00016 0.32325 


2/16/2021 2:36 AM 710.78 0.30 0.00018 0.36037 


2/16/2021 2:37 AM 1278.59 0.30 0.00032 0.64824 


2/16/2021 2:38 AM 502.48 0.30 0.00013 0.25476 


2/16/2021 2:39 AM 639.07 0.30 0.00016 0.32401 


2/16/2021 2:40 AM 734.95 0.30 0.00019 0.37262 


2/16/2021 2:41 AM 648.06 0.30 0.00016 0.32857 


2/16/2021 2:42 AM 302.52 0.30 0.00008 0.15338 


2/16/2021 2:43 AM 831.94 0.30 0.00021 0.42180 


2/16/2021 2:44 AM 338.89 0.30 0.00009 0.17182 


2/16/2021 2:45 AM 374.41 0.30 0.00009 0.18982 


2/16/2021 2:46 AM 553.58 0.30 0.00014 0.28066 


2/16/2021 2:47 AM 273.56 0.30 0.00007 0.13870 


2/16/2021 2:48 AM 502.66 0.30 0.00013 0.25485 


2/16/2021 2:49 AM 613.80 0.30 0.00016 0.31120 


2/16/2021 2:50 AM 502.25 0.30 0.00013 0.25464 


2/16/2021 2:51 AM 581.85 0.30 0.00015 0.29500 


2/16/2021 2:52 AM 596.24 0.30 0.00015 0.30229 


2/16/2021 2:53 AM 522.83 0.30 0.00013 0.26508 


2/16/2021 2:54 AM 595.45 0.30 0.00015 0.30189 


2/16/2021 2:55 AM 566.47 0.30 0.00014 0.28720 


2/16/2021 2:56 AM 549.63 0.30 0.00014 0.27866 


2/16/2021 2:57 AM 553.37 0.30 0.00014 0.28056 


2/16/2021 2:58 AM 634.98 0.30 0.00016 0.32193 


2/16/2021 2:59 AM 670.35 0.30 0.00017 0.33987 


2/16/2021 3:00 AM 569.26 0.30 0.00014 0.28861 


2/16/2021 3:01 AM 349.21 0.30 0.00009 0.17705 


2/16/2021 3:02 AM 441.86 0.30 0.00011 0.22402 


2/16/2021 3:03 AM 645.87 0.30 0.00016 0.32745 


2/16/2021 3:04 AM 574.74 0.30 0.00015 0.29139 


2/16/2021 3:05 AM 436.93 0.30 0.00011 0.22152 


2/16/2021 3:06 AM 556.35 0.30 0.00014 0.28207 


2/16/2021 3:07 AM 544.94 0.30 0.00014 0.27628 


2/16/2021 3:08 AM 506.35 0.30 0.00013 0.25672 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 3:09 AM 507.58 0.30 0.00013 0.25734 


2/16/2021 3:10 AM 545.80 0.30 0.00014 0.27672 


2/16/2021 3:11 AM 646.70 0.30 0.00016 0.32788 


2/16/2021 3:12 AM 666.01 0.30 0.00017 0.33767 


2/16/2021 3:13 AM 547.17 0.30 0.00014 0.27742 


2/16/2021 3:14 AM 625.21 0.30 0.00016 0.31698 


2/16/2021 3:15 AM 512.38 0.30 0.00013 0.25978 


2/16/2021 3:16 AM 420.37 0.30 0.00011 0.21313 


2/16/2021 3:17 AM 439.59 0.30 0.00011 0.22287 


2/16/2021 3:18 AM 410.25 0.30 0.00010 0.20800 


2/16/2021 3:19 AM 482.45 0.30 0.00012 0.24460 


2/16/2021 3:20 AM 564.82 0.30 0.00014 0.28636 


2/16/2021 3:21 AM 408.21 0.30 0.00010 0.20696 


2/16/2021 3:22 AM 298.86 0.30 0.00008 0.15152 


2/16/2021 3:23 AM 370.97 0.30 0.00009 0.18808 


2/16/2021 3:24 AM 445.61 0.30 0.00011 0.22593 


2/16/2021 3:25 AM 533.80 0.30 0.00014 0.27063 


2/16/2021 3:26 AM 293.57 0.30 0.00007 0.14884 


2/16/2021 3:27 AM 385.04 0.30 0.00010 0.19521 


2/16/2021 3:28 AM 383.45 0.30 0.00010 0.19441 


2/16/2021 3:29 AM 554.50 0.30 0.00014 0.28113 


2/16/2021 3:30 AM 474.36 0.40 0.00016 0.32067 


2/16/2021 3:31 AM 520.96 0.40 0.00018 0.35217 


2/16/2021 3:32 AM 583.57 0.40 0.00020 0.39450 


2/16/2021 3:33 AM 427.11 0.40 0.00014 0.28873 


2/16/2021 3:34 AM 271.59 0.40 0.00009 0.18360 


2/16/2021 3:35 AM 180.02 0.40 0.00006 0.12170 


2/16/2021 3:36 AM 288.68 0.40 0.00010 0.19515 


2/16/2021 3:37 AM 498.84 0.40 0.00017 0.33721 


2/16/2021 3:38 AM 487.54 0.40 0.00016 0.32957 


2/16/2021 3:39 AM 543.18 0.40 0.00018 0.36719 


2/16/2021 3:40 AM 505.61 0.40 0.00017 0.34179 


2/16/2021 3:41 AM 514.79 0.40 0.00017 0.34800 


2/16/2021 3:42 AM 636.31 0.40 0.00021 0.43015 


2/16/2021 3:43 AM 429.28 0.40 0.00014 0.29020 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 3:44 AM 294.59 0.40 0.00010 0.19914 


2/16/2021 3:45 AM 268.57 0.40 0.00009 0.18155 


2/16/2021 3:46 AM 505.14 0.40 0.00017 0.34147 


2/16/2021 3:47 AM 550.05 0.40 0.00019 0.37183 


2/16/2021 3:48 AM 692.21 0.40 0.00023 0.46793 


2/16/2021 3:49 AM 489.57 0.40 0.00017 0.33095 


2/16/2021 3:50 AM 387.62 0.40 0.00013 0.26203 


2/16/2021 3:51 AM 461.66 0.40 0.00016 0.31208 


2/16/2021 3:52 AM 397.42 0.40 0.00013 0.26866 


2/16/2021 3:53 AM 317.76 0.40 0.00011 0.21480 


2/16/2021 3:54 AM 276.42 0.40 0.00009 0.18686 


2/16/2021 3:55 AM 281.49 0.40 0.00010 0.19029 


2/16/2021 3:56 AM 294.37 0.40 0.00010 0.19899 


2/16/2021 3:57 AM 502.08 0.40 0.00017 0.33941 


2/16/2021 3:58 AM 337.37 0.40 0.00011 0.22806 


2/16/2021 3:59 AM 289.17 0.40 0.00010 0.19548 


2/16/2021 4:00 AM 344.25 0.40 0.00012 0.23271 


2/16/2021 4:01 AM 356.16 0.40 0.00012 0.24076 


2/16/2021 4:02 AM 399.06 0.40 0.00013 0.26976 


2/16/2021 4:03 AM 236.99 0.40 0.00008 0.16021 


2/16/2021 4:04 AM 190.35 0.40 0.00006 0.12868 


2/16/2021 4:05 AM 204.73 0.40 0.00007 0.13840 


2/16/2021 4:06 AM 259.86 0.40 0.00009 0.17566 


2/16/2021 4:07 AM 268.23 0.40 0.00009 0.18132 


2/16/2021 4:08 AM 268.45 0.40 0.00009 0.18147 


2/16/2021 4:09 AM 334.14 0.40 0.00011 0.22588 


2/16/2021 4:10 AM 392.05 0.40 0.00013 0.26502 


2/16/2021 4:11 AM 366.37 0.40 0.00012 0.24767 


2/16/2021 4:12 AM 312.48 0.40 0.00011 0.21124 


2/16/2021 4:13 AM 266.97 0.40 0.00009 0.18047 


2/16/2021 4:14 AM 364.55 0.40 0.00012 0.24643 


2/16/2021 4:15 AM 298.03 0.40 0.00010 0.20147 


2/16/2021 4:16 AM 424.22 0.40 0.00014 0.28677 


2/16/2021 4:17 AM 376.80 0.40 0.00013 0.25472 


2/16/2021 4:18 AM 304.19 0.40 0.00010 0.20563 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 4:19 AM 358.41 0.40 0.00012 0.24229 


2/16/2021 4:20 AM 264.98 0.40 0.00009 0.17912 


2/16/2021 4:21 AM 310.24 0.40 0.00010 0.20972 


2/16/2021 4:22 AM 299.64 0.40 0.00010 0.20256 


2/16/2021 4:23 AM 384.20 0.40 0.00013 0.25972 


2/16/2021 4:24 AM 542.05 0.40 0.00018 0.36643 


2/16/2021 4:25 AM 581.31 0.40 0.00020 0.39296 


2/16/2021 4:26 AM 478.82 0.40 0.00016 0.32368 


2/16/2021 4:27 AM 451.58 0.40 0.00015 0.30526 


2/16/2021 4:28 AM 504.83 0.40 0.00017 0.34126 


2/16/2021 4:29 AM 546.40 0.40 0.00018 0.36937 


2/16/2021 4:30 AM 534.25 0.20 0.00009 0.18057 


2/16/2021 4:31 AM 513.86 0.20 0.00009 0.17369 


2/16/2021 4:32 AM 526.59 0.20 0.00009 0.17799 


2/16/2021 4:33 AM 430.25 0.20 0.00007 0.14542 


2/16/2021 4:34 AM 415.98 0.20 0.00007 0.14060 


2/16/2021 4:35 AM 413.06 0.20 0.00007 0.13961 


2/16/2021 4:36 AM 313.81 0.20 0.00005 0.10607 


2/16/2021 4:37 AM 400.59 0.20 0.00007 0.13540 


2/16/2021 4:38 AM 374.20 0.20 0.00006 0.12648 


2/16/2021 4:39 AM 424.32 0.20 0.00007 0.14342 


2/16/2021 4:40 AM 602.84 0.20 0.00010 0.20376 


2/16/2021 4:41 AM 568.82 0.20 0.00010 0.19226 


2/16/2021 4:42 AM 459.69 0.20 0.00008 0.15537 


2/16/2021 4:43 AM 350.68 0.20 0.00006 0.11853 


2/16/2021 4:44 AM 371.19 0.20 0.00006 0.12546 


2/16/2021 4:45 AM 351.61 0.20 0.00006 0.11884 


2/16/2021 4:46 AM 337.35 0.20 0.00006 0.11403 


2/16/2021 4:47 AM 348.55 0.20 0.00006 0.11781 


2/16/2021 4:48 AM 366.35 0.20 0.00006 0.12383 


2/16/2021 4:49 AM 578.28 0.20 0.00010 0.19546 


2/16/2021 4:50 AM 442.27 0.20 0.00007 0.14949 


2/16/2021 4:51 AM 398.55 0.20 0.00007 0.13471 


2/16/2021 4:52 AM 480.32 0.20 0.00008 0.16235 


2/16/2021 4:53 AM 460.56 0.20 0.00008 0.15567 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 4:54 AM 412.60 0.20 0.00007 0.13946 


2/16/2021 4:55 AM 400.83 0.20 0.00007 0.13548 


2/16/2021 4:56 AM 345.02 0.20 0.00006 0.11662 


2/16/2021 4:57 AM 382.91 0.20 0.00006 0.12942 


2/16/2021 4:58 AM 529.73 0.20 0.00009 0.17905 


2/16/2021 4:59 AM 468.90 0.20 0.00008 0.15849 


2/16/2021 5:00 AM 604.16 0.20 0.00010 0.20421 


2/16/2021 5:01 AM 545.47 0.20 0.00009 0.18437 


2/16/2021 5:02 AM 462.01 0.20 0.00008 0.15616 


2/16/2021 5:03 AM 513.70 0.20 0.00009 0.17363 


2/16/2021 5:04 AM 628.06 0.20 0.00011 0.21228 


2/16/2021 5:05 AM 483.19 0.20 0.00008 0.16332 


2/16/2021 5:06 AM 536.23 0.20 0.00009 0.18125 


2/16/2021 5:07 AM 641.14 0.20 0.00011 0.21670 


2/16/2021 5:08 AM 510.07 0.20 0.00009 0.17240 


2/16/2021 5:09 AM 541.42 0.20 0.00009 0.18300 


2/16/2021 5:10 AM 503.11 0.20 0.00008 0.17005 


2/16/2021 5:11 AM 559.26 0.20 0.00009 0.18903 


2/16/2021 5:12 AM 539.16 0.20 0.00009 0.18223 


2/16/2021 5:13 AM 585.13 0.20 0.00010 0.19777 


2/16/2021 5:14 AM 601.08 0.20 0.00010 0.20317 


2/16/2021 5:15 AM 555.99 0.20 0.00009 0.18793 


2/16/2021 5:16 AM 667.37 0.20 0.00011 0.22557 


2/16/2021 5:17 AM 644.22 0.20 0.00011 0.21774 


2/16/2021 5:18 AM 460.74 0.20 0.00008 0.15573 


2/16/2021 5:19 AM 561.05 0.20 0.00009 0.18963 


2/16/2021 5:20 AM 563.97 0.20 0.00010 0.19062 


2/16/2021 5:21 AM 558.96 0.20 0.00009 0.18893 


2/16/2021 5:22 AM 532.42 0.20 0.00009 0.17996 


2/16/2021 5:23 AM 540.73 0.20 0.00009 0.18277 


2/16/2021 5:24 AM 476.74 0.20 0.00008 0.16114 


2/16/2021 5:25 AM 559.49 0.20 0.00009 0.18911 


2/16/2021 5:26 AM 641.75 0.20 0.00011 0.21691 


2/16/2021 5:27 AM 546.61 0.20 0.00009 0.18475 


2/16/2021 5:28 AM 484.48 0.20 0.00008 0.16375 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 5:29 AM 584.98 0.20 0.00010 0.19772 


2/16/2021 5:30 AM 535.75 0.40 0.00018 0.36217 


2/16/2021 5:31 AM 555.73 0.40 0.00019 0.37568 


2/16/2021 5:32 AM 508.85 0.40 0.00017 0.34398 


2/16/2021 5:33 AM 567.25 0.40 0.00019 0.38346 


2/16/2021 5:34 AM 575.30 0.40 0.00019 0.38890 


2/16/2021 5:35 AM 631.36 0.40 0.00021 0.42680 


2/16/2021 5:36 AM 524.61 0.40 0.00018 0.35463 


2/16/2021 5:37 AM 472.69 0.40 0.00016 0.31954 


2/16/2021 5:38 AM 470.54 0.40 0.00016 0.31809 


2/16/2021 5:39 AM 488.59 0.40 0.00016 0.33029 


2/16/2021 5:40 AM 565.09 0.40 0.00019 0.38200 


2/16/2021 5:41 AM 559.69 0.40 0.00019 0.37835 


2/16/2021 5:42 AM 687.85 0.40 0.00023 0.46498 


2/16/2021 5:43 AM 622.39 0.40 0.00021 0.42073 


2/16/2021 5:44 AM 623.05 0.40 0.00021 0.42118 


2/16/2021 5:45 AM 529.44 0.40 0.00018 0.35790 


2/16/2021 5:46 AM 539.86 0.40 0.00018 0.36494 


2/16/2021 5:47 AM 529.59 0.40 0.00018 0.35801 


2/16/2021 5:48 AM 484.22 0.40 0.00016 0.32733 


2/16/2021 5:49 AM 495.35 0.40 0.00017 0.33486 


2/16/2021 5:50 AM 601.94 0.40 0.00020 0.40691 


2/16/2021 5:51 AM 636.09 0.40 0.00021 0.43000 


2/16/2021 5:52 AM 634.47 0.40 0.00021 0.42890 


2/16/2021 5:53 AM 515.81 0.40 0.00017 0.34869 


2/16/2021 5:54 AM 552.73 0.40 0.00019 0.37365 


2/16/2021 5:55 AM 596.39 0.40 0.00020 0.40316 


2/16/2021 5:56 AM 485.21 0.40 0.00016 0.32800 


2/16/2021 5:57 AM 612.54 0.40 0.00021 0.41408 


2/16/2021 5:58 AM 579.29 0.40 0.00020 0.39160 


2/16/2021 5:59 AM 505.64 0.40 0.00017 0.34182 


2/16/2021 6:00 AM 559.43 0.40 0.00019 0.37818 


2/16/2021 6:01 AM 445.59 0.40 0.00015 0.30122 


2/16/2021 6:02 AM 455.92 0.40 0.00015 0.30820 


2/16/2021 6:03 AM 517.43 0.40 0.00017 0.34978 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 6:04 AM 502.96 0.40 0.00017 0.34000 


2/16/2021 6:05 AM 567.71 0.40 0.00019 0.38377 


2/16/2021 6:06 AM 546.75 0.40 0.00018 0.36961 


2/16/2021 6:07 AM 544.98 0.40 0.00018 0.36841 


2/16/2021 6:08 AM 663.73 0.40 0.00022 0.44868 


2/16/2021 6:09 AM 649.99 0.40 0.00022 0.43939 


2/16/2021 6:10 AM 680.99 0.40 0.00023 0.46035 


2/16/2021 6:11 AM 645.94 0.40 0.00022 0.43665 


2/16/2021 6:12 AM 557.63 0.40 0.00019 0.37695 


2/16/2021 6:13 AM 526.37 0.40 0.00018 0.35582 


2/16/2021 6:14 AM 543.69 0.40 0.00018 0.36754 


2/16/2021 6:15 AM 405.17 0.40 0.00014 0.27390 


2/16/2021 6:16 AM 579.10 0.40 0.00020 0.39147 


2/16/2021 6:17 AM 496.77 0.40 0.00017 0.33582 


2/16/2021 6:18 AM 545.63 0.40 0.00018 0.36884 


2/16/2021 6:19 AM 622.10 0.40 0.00021 0.42054 


2/16/2021 6:20 AM 592.68 0.40 0.00020 0.40065 


2/16/2021 6:21 AM 538.66 0.40 0.00018 0.36413 


2/16/2021 6:22 AM 557.63 0.40 0.00019 0.37696 


2/16/2021 6:23 AM 553.91 0.40 0.00019 0.37445 


2/16/2021 6:24 AM 559.36 0.40 0.00019 0.37813 


2/16/2021 6:25 AM 548.30 0.40 0.00019 0.37065 


2/16/2021 6:26 AM 601.58 0.40 0.00020 0.40667 


2/16/2021 6:27 AM 515.25 0.40 0.00017 0.34831 


2/16/2021 6:28 AM 525.14 0.40 0.00018 0.35500 


2/16/2021 6:29 AM 495.33 0.40 0.00017 0.33484 


2/16/2021 6:30 AM 479.06 0.20 0.00008 0.16192 


2/16/2021 6:31 AM 386.52 0.20 0.00007 0.13064 


2/16/2021 6:32 AM 507.31 0.20 0.00009 0.17147 


2/16/2021 6:33 AM 483.72 0.20 0.00008 0.16350 


2/16/2021 6:34 AM 424.45 0.20 0.00007 0.14346 


2/16/2021 6:35 AM 463.68 0.20 0.00008 0.15672 


2/16/2021 6:36 AM 543.07 0.20 0.00009 0.18356 


2/16/2021 6:37 AM 545.42 0.20 0.00009 0.18435 


2/16/2021 6:38 AM 698.14 0.20 0.00012 0.23597 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 6:39 AM 575.24 0.20 0.00010 0.19443 


2/16/2021 6:40 AM 574.88 0.20 0.00010 0.19431 


2/16/2021 6:41 AM 620.25 0.20 0.00010 0.20965 


2/16/2021 6:42 AM 621.68 0.20 0.00010 0.21013 


2/16/2021 6:43 AM 619.30 0.20 0.00010 0.20932 


2/16/2021 6:44 AM 404.42 0.20 0.00007 0.13669 


2/16/2021 6:45 AM 545.85 0.20 0.00009 0.18450 


2/16/2021 6:46 AM 537.15 0.20 0.00009 0.18156 


2/16/2021 6:47 AM 618.38 0.20 0.00010 0.20901 


2/16/2021 6:48 AM 596.92 0.20 0.00010 0.20176 


2/16/2021 6:49 AM 763.10 0.20 0.00013 0.25793 


2/16/2021 6:50 AM 652.43 0.20 0.00011 0.22052 


2/16/2021 6:51 AM 574.46 0.20 0.00010 0.19417 


2/16/2021 6:52 AM 571.73 0.20 0.00010 0.19324 


2/16/2021 6:53 AM 404.81 0.20 0.00007 0.13683 


2/16/2021 6:54 AM 374.49 0.20 0.00006 0.12658 


2/16/2021 6:55 AM 447.00 0.20 0.00008 0.15109 


2/16/2021 6:56 AM 582.58 0.20 0.00010 0.19691 


2/16/2021 6:57 AM 537.07 0.20 0.00009 0.18153 


2/16/2021 6:58 AM 653.42 0.20 0.00011 0.22086 


2/16/2021 6:59 AM 670.16 0.20 0.00011 0.22651 


2/16/2021 7:00 AM 700.49 0.20 0.00012 0.23677 


2/16/2021 7:01 AM 649.32 0.20 0.00011 0.21947 


2/16/2021 7:02 AM 400.49 0.20 0.00007 0.13537 


2/16/2021 7:03 AM 473.99 0.20 0.00008 0.16021 


2/16/2021 7:04 AM 530.75 0.20 0.00009 0.17939 


2/16/2021 7:05 AM 459.78 0.20 0.00008 0.15541 


2/16/2021 7:06 AM 456.26 0.20 0.00008 0.15422 


2/16/2021 7:07 AM 545.27 0.20 0.00009 0.18430 


2/16/2021 7:08 AM 442.52 0.20 0.00007 0.14957 


2/16/2021 7:09 AM 607.68 0.20 0.00010 0.20539 


2/16/2021 7:10 AM 565.49 0.20 0.00010 0.19114 


2/16/2021 7:11 AM 587.23 0.20 0.00010 0.19848 


2/16/2021 7:12 AM 659.34 0.20 0.00011 0.22286 


2/16/2021 7:13 AM 603.48 0.20 0.00010 0.20397 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 7:14 AM 463.31 0.20 0.00008 0.15660 


2/16/2021 7:15 AM 610.65 0.20 0.00010 0.20640 


2/16/2021 7:16 AM 598.89 0.20 0.00010 0.20243 


2/16/2021 7:17 AM 527.77 0.20 0.00009 0.17839 


2/16/2021 7:18 AM 314.66 0.20 0.00005 0.10635 


2/16/2021 7:19 AM 456.05 0.20 0.00008 0.15414 


2/16/2021 7:20 AM 402.69 0.20 0.00007 0.13611 


2/16/2021 7:21 AM 403.15 0.20 0.00007 0.13626 


2/16/2021 7:22 AM 720.22 0.20 0.00012 0.24344 


2/16/2021 7:23 AM 601.31 0.20 0.00010 0.20324 


2/16/2021 7:24 AM 369.42 0.20 0.00006 0.12486 


2/16/2021 7:25 AM 551.44 0.20 0.00009 0.18639 


2/16/2021 7:26 AM 672.52 0.20 0.00011 0.22731 


2/16/2021 7:27 AM 443.87 0.20 0.00007 0.15003 


2/16/2021 7:28 AM 447.08 0.20 0.00008 0.15111 


2/16/2021 7:29 AM 549.01 0.20 0.00009 0.18556 


2/16/2021 7:30 AM 410.43 0.20 0.00007 0.13872 


2/16/2021 7:31 AM 485.22 0.60 0.00025 0.49201 


2/16/2021 7:32 AM 411.35 0.60 0.00021 0.41711 


2/16/2021 7:33 AM 443.81 0.60 0.00022 0.45002 


2/16/2021 7:34 AM 375.89 0.60 0.00019 0.38115 


2/16/2021 7:35 AM 341.26 0.60 0.00017 0.34604 


2/16/2021 7:36 AM 423.14 0.60 0.00021 0.42907 


2/16/2021 7:37 AM 582.86 0.60 0.00030 0.59102 


2/16/2021 7:38 AM 398.49 0.60 0.00020 0.40407 


2/16/2021 7:39 AM 449.78 0.60 0.00023 0.45608 


2/16/2021 7:40 AM 453.10 0.60 0.00023 0.45944 


2/16/2021 7:41 AM 439.46 0.60 0.00022 0.44561 


2/16/2021 7:42 AM 450.68 0.60 0.00023 0.45699 


2/16/2021 7:43 AM 386.07 0.60 0.00020 0.39147 


2/16/2021 7:44 AM 258.01 0.60 0.00013 0.26162 


2/16/2021 7:45 AM 358.61 0.60 0.00018 0.36364 


2/16/2021 7:46 AM 336.48 0.60 0.00017 0.34119 


2/16/2021 7:47 AM 356.63 0.60 0.00018 0.36162 


2/16/2021 7:48 AM 325.89 0.60 0.00017 0.33045 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 7:49 AM 385.49 0.60 0.00020 0.39089 


2/16/2021 7:50 AM 486.17 0.60 0.00025 0.49298 


2/16/2021 7:51 AM 415.92 0.60 0.00021 0.42174 


2/16/2021 7:52 AM 498.97 0.60 0.00025 0.50595 


2/16/2021 7:53 AM 394.79 0.60 0.00020 0.40031 


2/16/2021 7:54 AM 470.16 0.60 0.00024 0.47674 


2/16/2021 7:55 AM 461.89 0.60 0.00023 0.46835 


2/16/2021 7:56 AM 527.83 0.60 0.00027 0.53521 


2/16/2021 7:57 AM 518.63 0.60 0.00026 0.52589 


2/16/2021 7:58 AM 540.63 0.60 0.00027 0.54819 


2/16/2021 7:59 AM 503.43 0.60 0.00025 0.51048 


2/16/2021 8:00 AM 442.46 0.60 0.00022 0.44866 


2/16/2021 8:01 AM 428.47 0.60 0.00022 0.43446 


2/16/2021 8:02 AM 423.69 0.60 0.00021 0.42962 


2/16/2021 8:03 AM 332.89 0.60 0.00017 0.33755 


2/16/2021 8:04 AM 522.87 0.60 0.00026 0.53019 


2/16/2021 8:05 AM 503.75 0.60 0.00026 0.51081 


2/16/2021 8:06 AM 479.20 0.60 0.00024 0.48591 


2/16/2021 8:07 AM 539.33 0.60 0.00027 0.54689 


2/16/2021 8:08 AM 564.81 0.60 0.00029 0.57271 


2/16/2021 8:09 AM 511.43 0.60 0.00026 0.51859 


2/16/2021 8:10 AM 386.99 0.60 0.00020 0.39241 


2/16/2021 8:11 AM 461.56 0.60 0.00023 0.46802 


2/16/2021 8:12 AM 526.34 0.60 0.00027 0.53371 


2/16/2021 8:13 AM 552.41 0.60 0.00028 0.56014 


2/16/2021 8:14 AM 368.55 0.60 0.00019 0.37371 


2/16/2021 8:15 AM 357.29 0.60 0.00018 0.36230 


2/16/2021 8:16 AM 400.65 0.60 0.00020 0.40626 


2/16/2021 8:17 AM 385.36 0.60 0.00020 0.39075 


2/16/2021 8:18 AM 324.86 0.60 0.00016 0.32941 


2/16/2021 8:19 AM 333.32 0.60 0.00017 0.33799 


2/16/2021 8:20 AM 330.80 0.60 0.00017 0.33544 


2/16/2021 8:21 AM 318.06 0.60 0.00016 0.32251 


2/16/2021 8:22 AM 400.69 0.60 0.00020 0.40629 


2/16/2021 8:23 AM 705.65 0.60 0.00036 0.71553 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 8:24 AM 535.24 0.60 0.00027 0.54273 


2/16/2021 8:25 AM 433.49 0.60 0.00022 0.43956 


2/16/2021 8:26 AM 477.86 0.60 0.00024 0.48455 


2/16/2021 8:27 AM 418.79 0.60 0.00021 0.42466 


2/16/2021 8:28 AM 480.92 0.60 0.00024 0.48765 


2/16/2021 8:29 AM 425.54 0.60 0.00022 0.43150 


2/16/2021 8:30 AM 451.48 0.30 0.00011 0.22890 


2/16/2021 8:31 AM 450.52 0.30 0.00011 0.22841 


2/16/2021 8:32 AM 423.43 0.30 0.00011 0.21468 


2/16/2021 8:33 AM 362.95 0.30 0.00009 0.18401 


2/16/2021 8:34 AM 341.00 0.30 0.00009 0.17289 


2/16/2021 8:35 AM 328.41 0.30 0.00008 0.16650 


2/16/2021 8:36 AM 485.81 0.30 0.00012 0.24631 


2/16/2021 8:37 AM 474.01 0.30 0.00012 0.24033 


2/16/2021 8:38 AM 450.02 0.30 0.00011 0.22816 


2/16/2021 8:39 AM 495.20 0.30 0.00013 0.25107 


2/16/2021 8:40 AM 554.73 0.30 0.00014 0.28125 


2/16/2021 8:41 AM 632.00 0.30 0.00016 0.32042 


2/16/2021 8:42 AM 543.85 0.30 0.00014 0.27573 


2/16/2021 8:43 AM 472.61 0.30 0.00012 0.23961 


2/16/2021 8:44 AM 399.17 0.30 0.00010 0.20238 


2/16/2021 8:45 AM 343.57 0.30 0.00009 0.17419 


2/16/2021 8:46 AM 348.81 0.30 0.00009 0.17685 


2/16/2021 8:47 AM 438.36 0.30 0.00011 0.22225 


2/16/2021 8:48 AM 594.51 0.30 0.00015 0.30142 


2/16/2021 8:49 AM 656.28 0.30 0.00017 0.33274 


2/16/2021 8:50 AM 441.33 0.30 0.00011 0.22375 


2/16/2021 8:51 AM 537.76 0.30 0.00014 0.27264 


2/16/2021 8:52 AM 679.79 0.30 0.00017 0.34465 


2/16/2021 8:53 AM 590.93 0.30 0.00015 0.29960 


2/16/2021 8:54 AM 430.86 0.30 0.00011 0.21845 


2/16/2021 8:55 AM 472.56 0.30 0.00012 0.23959 


2/16/2021 8:56 AM 585.36 0.30 0.00015 0.29678 


2/16/2021 8:57 AM 599.98 0.30 0.00015 0.30419 


2/16/2021 8:58 AM 601.25 0.30 0.00015 0.30483 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 8:59 AM 577.14 0.30 0.00015 0.29261 


2/16/2021 9:00 AM 868.90 0.30 0.00022 0.44053 


2/16/2021 9:01 AM 812.56 0.30 0.00021 0.41197 


2/16/2021 9:02 AM 614.28 0.30 0.00016 0.31144 


2/16/2021 9:03 AM 449.41 0.30 0.00011 0.22785 


2/16/2021 9:04 AM 599.22 0.30 0.00015 0.30381 


2/16/2021 9:05 AM 687.17 0.30 0.00017 0.34840 


2/16/2021 9:06 AM 558.51 0.30 0.00014 0.28316 


2/16/2021 9:07 AM 820.40 0.30 0.00021 0.41594 


2/16/2021 9:08 AM 791.78 0.30 0.00020 0.40143 


2/16/2021 9:09 AM 887.41 0.30 0.00022 0.44992 


2/16/2021 9:10 AM 752.00 0.30 0.00019 0.38126 


2/16/2021 9:11 AM 667.86 0.30 0.00017 0.33860 


2/16/2021 9:12 AM 691.31 0.30 0.00018 0.35049 


2/16/2021 9:13 AM 819.37 0.30 0.00021 0.41542 


2/16/2021 9:14 AM 811.22 0.30 0.00021 0.41129 


2/16/2021 9:15 AM 844.87 0.30 0.00021 0.42835 


2/16/2021 9:16 AM 850.42 0.30 0.00022 0.43116 


2/16/2021 9:17 AM 830.60 0.30 0.00021 0.42111 


2/16/2021 9:18 AM 710.28 0.30 0.00018 0.36011 


2/16/2021 9:19 AM 616.27 0.30 0.00016 0.31245 


2/16/2021 9:20 AM 667.51 0.30 0.00017 0.33843 


2/16/2021 9:21 AM 670.61 0.30 0.00017 0.34000 


2/16/2021 9:22 AM 653.82 0.30 0.00017 0.33149 


2/16/2021 9:23 AM 834.44 0.30 0.00021 0.42306 


2/16/2021 9:24 AM 990.87 0.30 0.00025 0.50237 


2/16/2021 9:25 AM 829.76 0.30 0.00021 0.42069 


2/16/2021 9:26 AM 898.03 0.30 0.00023 0.45530 


2/16/2021 9:27 AM 907.51 0.30 0.00023 0.46011 


2/16/2021 9:28 AM 856.53 0.30 0.00022 0.43426 


2/16/2021 9:29 AM 741.58 0.30 0.00019 0.37598 


2/16/2021 9:30 AM 681.79 0.30 0.00017 0.34567 


2/16/2021 9:31 AM 662.98 0.30 0.00017 0.33613 


2/16/2021 9:32 AM 656.58 0.30 0.00017 0.33288 


2/16/2021 9:33 AM 754.06 0.30 0.00019 0.38231 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 9:34 AM 849.91 0.30 0.00022 0.43091 


2/16/2021 9:35 AM 736.65 0.30 0.00019 0.37348 


2/16/2021 9:36 AM 734.46 0.30 0.00019 0.37237 


2/16/2021 9:37 AM 845.14 0.30 0.00021 0.42849 


2/16/2021 9:38 AM 902.16 0.30 0.00023 0.45740 


2/16/2021 9:39 AM 1009.83 0.30 0.00026 0.51198 


2/16/2021 9:40 AM 733.83 0.30 0.00019 0.37205 


2/16/2021 9:41 AM 1032.75 0.30 0.00026 0.52360 


2/16/2021 9:42 AM 1013.44 0.30 0.00026 0.51381 


2/16/2021 9:43 AM 1024.53 0.30 0.00026 0.51944 


2/16/2021 9:44 AM 868.93 0.30 0.00022 0.44055 


2/16/2021 9:45 AM 825.71 0.30 0.00021 0.41863 


2/16/2021 9:46 AM 918.98 0.30 0.00023 0.46592 


2/16/2021 9:47 AM 1021.30 0.30 0.00026 0.51780 


2/16/2021 9:48 AM 800.07 0.30 0.00020 0.40564 


2/16/2021 9:49 AM 812.67 0.30 0.00021 0.41203 


2/16/2021 9:50 AM 992.03 0.30 0.00025 0.50296 


2/16/2021 9:51 AM 1018.91 0.30 0.00026 0.51659 


2/16/2021 9:52 AM 949.00 0.30 0.00024 0.48115 


2/16/2021 9:53 AM 1006.03 0.30 0.00025 0.51006 


2/16/2021 9:54 AM 951.66 0.30 0.00024 0.48249 


2/16/2021 9:55 AM 725.45 0.30 0.00018 0.36781 


2/16/2021 9:56 AM 358.42 0.30 0.00009 0.18172 


2/16/2021 9:57 AM 15.86 0.30 0.00000 0.00804 


2/16/2021 9:58 AM 54.47 0.30 0.00001 0.02762 


2/16/2021 9:59 AM 247.44 0.30 0.00006 0.12545 


2/16/2021 10:00 AM 1.72 0.30 0.00000 0.00087 


2/16/2021 10:32 AM 4.61 0.30 0.00000 0.00234 


2/16/2021 10:34 AM 14.52 0.20 0.00000 0.00491 


2/16/2021 10:35 AM 245.74 0.20 0.00004 0.08306 


2/16/2021 10:36 AM 130.96 0.20 0.00002 0.04426 


2/16/2021 10:37 AM 28.04 0.20 0.00000 0.00948 


2/16/2021 10:38 AM 196.79 0.20 0.00003 0.06651 


2/16/2021 10:39 AM 346.94 0.20 0.00006 0.11726 


2/16/2021 10:40 AM 134.58 0.20 0.00002 0.04549 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 10:41 AM 110.84 0.20 0.00002 0.03747 


2/16/2021 10:42 AM 157.84 0.20 0.00003 0.05335 


2/16/2021 10:43 AM 209.70 0.20 0.00004 0.07088 


2/16/2021 10:44 AM 267.92 0.20 0.00005 0.09056 


2/16/2021 10:45 AM 238.10 0.20 0.00004 0.08048 


2/16/2021 10:46 AM 236.41 0.20 0.00004 0.07991 


2/16/2021 10:47 AM 300.11 0.20 0.00005 0.10144 


2/16/2021 10:48 AM 437.85 0.20 0.00007 0.14799 


2/16/2021 10:49 AM 137.99 0.20 0.00002 0.04664 


2/16/2021 12:11 PM 968.50 0.30 0.00025 0.49103 


2/16/2021 12:12 PM 1538.20 0.30 0.00039 0.77987 


2/16/2021 12:13 PM 899.51 0.30 0.00023 0.45605 


2/16/2021 12:14 PM 627.97 0.30 0.00016 0.31838 


2/16/2021 12:15 PM 209.25 0.30 0.00005 0.10609 


2/16/2021 12:16 PM 107.25 0.30 0.00003 0.05438 


2/16/2021 12:17 PM 48.96 0.30 0.00001 0.02482 


2/16/2021 12:18 PM 51.36 0.30 0.00001 0.02604 


2/16/2021 12:19 PM 39.58 0.30 0.00001 0.02007 


2/16/2021 12:20 PM 140.58 0.30 0.00004 0.07127 


2/16/2021 12:34 PM 66.05 0.30 0.00002 0.03349 


2/16/2021 12:35 PM 552.18 0.30 0.00014 0.27995 


2/16/2021 12:36 PM 541.85 0.30 0.00014 0.27472 


2/16/2021 12:37 PM 546.23 0.30 0.00014 0.27694 


2/16/2021 12:38 PM 789.36 0.30 0.00020 0.40020 


2/16/2021 12:39 PM 659.73 0.30 0.00017 0.33448 


2/16/2021 12:40 PM 327.17 0.30 0.00008 0.16588 


2/16/2021 12:41 PM 403.07 0.30 0.00010 0.20436 


2/16/2021 12:42 PM 303.31 0.30 0.00008 0.15378 


2/16/2021 12:43 PM 446.58 0.30 0.00011 0.22642 


2/16/2021 12:44 PM 486.44 0.30 0.00012 0.24663 


2/16/2021 12:45 PM 422.07 0.30 0.00011 0.21399 


2/16/2021 12:46 PM 306.97 0.30 0.00008 0.15563 


2/16/2021 12:47 PM 389.60 0.30 0.00010 0.19753 


2/16/2021 12:48 PM 398.95 0.30 0.00010 0.20227 


2/16/2021 12:49 PM 431.26 0.30 0.00011 0.21865 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 12:50 PM 469.99 0.30 0.00012 0.23829 


2/16/2021 12:51 PM 336.10 0.30 0.00009 0.17040 


2/16/2021 12:52 PM 322.28 0.30 0.00008 0.16340 


2/16/2021 12:53 PM 270.59 0.30 0.00007 0.13719 


2/16/2021 12:54 PM 366.99 0.30 0.00009 0.18606 


2/16/2021 12:55 PM 376.16 0.30 0.00010 0.19071 


2/16/2021 12:56 PM 374.31 0.30 0.00009 0.18977 


2/16/2021 12:57 PM 285.29 0.30 0.00007 0.14464 


2/16/2021 12:58 PM 372.90 0.30 0.00009 0.18906 


2/16/2021 12:59 PM 464.75 0.30 0.00012 0.23563 


2/16/2021 1:00 PM 356.15 0.30 0.00009 0.18057 


2/16/2021 1:01 PM 319.75 0.30 0.00008 0.16211 


2/16/2021 1:02 PM 384.23 0.30 0.00010 0.19480 


2/16/2021 1:03 PM 373.47 0.30 0.00009 0.18935 


2/16/2021 1:04 PM 339.74 0.30 0.00009 0.17225 


2/16/2021 1:05 PM 321.88 0.30 0.00008 0.16319 


2/16/2021 1:06 PM 290.15 0.30 0.00007 0.14711 


2/16/2021 1:07 PM 330.05 0.30 0.00008 0.16734 


2/16/2021 1:08 PM 337.42 0.30 0.00009 0.17107 


2/16/2021 1:09 PM 313.34 0.30 0.00008 0.15887 


2/16/2021 1:10 PM 284.17 0.30 0.00007 0.14407 


2/16/2021 1:11 PM 27.73 0.30 0.00001 0.01406 


2/16/2021 1:17 PM 33.94 0.30 0.00001 0.01721 


2/16/2021 1:18 PM 153.08 0.30 0.00004 0.07761 


2/16/2021 9:11 PM 593.90 0.60 0.00030 0.60222 


2/16/2021 9:12 PM 1609.51 0.60 0.00082 1.63205 


2/16/2021 9:13 PM 1281.67 0.60 0.00065 1.29961 


2/16/2021 9:14 PM 1143.02 0.60 0.00058 1.15903 


2/16/2021 9:15 PM 1195.41 0.60 0.00061 1.21215 


2/16/2021 9:16 PM 1230.53 0.60 0.00062 1.24775 


2/16/2021 9:17 PM 1414.95 0.60 0.00072 1.43476 


2/16/2021 9:18 PM 1625.09 0.60 0.00082 1.64784 


2/16/2021 9:19 PM 1956.28 0.60 0.00099 1.98367 


2/16/2021 9:20 PM 2050.33 0.60 0.00104 2.07904 


2/16/2021 9:21 PM 2035.15 0.60 0.00103 2.06364 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 9:22 PM 1988.53 0.60 0.00101 2.01637 


2/16/2021 9:23 PM 1844.43 0.60 0.00093 1.87025 


2/16/2021 9:24 PM 1586.80 0.60 0.00080 1.60901 


2/16/2021 9:25 PM 1434.88 0.60 0.00073 1.45497 


2/16/2021 9:26 PM 1248.41 0.60 0.00063 1.26589 


2/16/2021 9:27 PM 1350.59 0.60 0.00068 1.36950 


2/16/2021 9:28 PM 1437.69 0.60 0.00073 1.45782 


2/16/2021 9:29 PM 1425.27 0.60 0.00072 1.44522 


2/16/2021 9:30 PM 1484.01 0.60 0.00075 1.50479 


2/16/2021 9:31 PM 1566.79 0.60 0.00079 1.58873 


2/16/2021 9:32 PM 1534.72 0.60 0.00078 1.55621 


2/16/2021 9:33 PM 1556.48 0.60 0.00079 1.57827 


2/16/2021 9:34 PM 1560.48 0.60 0.00079 1.58233 


2/16/2021 9:35 PM 1561.33 0.60 0.00079 1.58319 


2/16/2021 9:36 PM 1619.87 0.60 0.00082 1.64255 


2/16/2021 9:37 PM 1680.60 0.60 0.00085 1.70413 


2/16/2021 9:38 PM 1642.24 0.60 0.00083 1.66523 


2/16/2021 9:39 PM 1668.27 0.60 0.00084 1.69163 


2/16/2021 9:40 PM 1689.97 0.60 0.00086 1.71363 


2/16/2021 9:41 PM 1666.57 0.60 0.00084 1.68990 


2/16/2021 9:42 PM 1671.66 0.60 0.00085 1.69506 


2/16/2021 9:43 PM 1730.52 0.60 0.00088 1.75475 


2/16/2021 9:44 PM 1706.90 0.60 0.00086 1.73080 


2/16/2021 9:45 PM 1745.08 0.60 0.00088 1.76951 


2/16/2021 9:46 PM 1742.06 0.60 0.00088 1.76645 


2/16/2021 9:47 PM 1719.80 0.60 0.00087 1.74388 


2/16/2021 9:48 PM 1739.35 0.60 0.00088 1.76371 


2/16/2021 9:49 PM 1739.85 0.60 0.00088 1.76421 


2/16/2021 9:50 PM 1717.59 0.60 0.00087 1.74163 


2/16/2021 9:51 PM 1729.12 0.60 0.00088 1.75332 


2/16/2021 9:52 PM 1744.15 0.60 0.00088 1.76857 


2/16/2021 9:53 PM 1735.38 0.60 0.00088 1.75968 


2/16/2021 9:54 PM 1727.23 0.60 0.00087 1.75141 


2/16/2021 9:55 PM 1839.31 0.60 0.00093 1.86506 


2/16/2021 9:56 PM 1892.01 0.60 0.00096 1.91850 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 9:57 PM 1985.69 0.60 0.00101 2.01349 


2/16/2021 9:58 PM 1997.52 0.60 0.00101 2.02548 


2/16/2021 9:59 PM 1946.23 0.60 0.00099 1.97348 


2/16/2021 10:00 PM 1892.19 0.60 0.00096 1.91868 


2/16/2021 10:01 PM 1907.12 0.60 0.00097 1.93382 


2/16/2021 10:02 PM 1896.35 0.60 0.00096 1.92290 


2/16/2021 10:03 PM 1908.73 0.60 0.00097 1.93545 


2/16/2021 10:04 PM 1902.24 0.60 0.00096 1.92887 


2/16/2021 10:05 PM 1902.14 0.60 0.00096 1.92877 


2/16/2021 10:06 PM 1896.79 0.60 0.00096 1.92335 


2/16/2021 10:07 PM 1957.45 0.60 0.00099 1.98485 


2/16/2021 10:08 PM 1969.49 0.60 0.00100 1.99707 


2/16/2021 10:09 PM 1936.20 0.60 0.00098 1.96331 


2/16/2021 10:10 PM 1955.79 0.60 0.00099 1.98317 


2/16/2021 10:11 PM 1936.42 0.60 0.00098 1.96353 


2/16/2021 10:12 PM 1910.70 0.60 0.00097 1.93745 


2/16/2021 10:13 PM 1917.19 0.60 0.00097 1.94403 


2/16/2021 10:14 PM 1931.10 3.30 0.00538 10.76973 


2/16/2021 10:15 PM 1896.29 3.30 0.00528 10.57560 


2/16/2021 10:16 PM 1903.37 3.30 0.00530 10.61510 


2/16/2021 10:17 PM 1907.21 3.30 0.00531 10.63652 


2/16/2021 10:18 PM 1859.33 3.30 0.00518 10.36947 


2/16/2021 10:19 PM 1834.30 3.30 0.00511 10.22990 


2/16/2021 10:20 PM 1851.35 3.30 0.00516 10.32500 


2/16/2021 10:21 PM 1823.10 3.30 0.00508 10.16743 


2/16/2021 10:22 PM 1844.68 3.30 0.00514 10.28780 


2/16/2021 10:23 PM 1854.50 3.30 0.00517 10.34257 


2/16/2021 10:24 PM 1849.47 3.30 0.00515 10.31448 


2/16/2021 10:25 PM 1842.80 3.30 0.00513 10.27727 


2/16/2021 10:26 PM 1874.28 3.30 0.00522 10.45288 


2/16/2021 10:27 PM 1931.36 3.30 0.00538 10.77117 


2/16/2021 10:28 PM 1860.14 3.30 0.00518 10.37403 


2/16/2021 10:29 PM 1850.67 3.30 0.00515 10.32117 


2/16/2021 10:30 PM 1923.46 3.30 0.00536 10.72715 


2/16/2021 10:31 PM 1881.70 3.30 0.00524 10.49426 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/16/2021 10:32 PM 1882.02 3.30 0.00524 10.49604 


2/16/2021 10:33 PM 1890.93 3.30 0.00527 10.54573 


2/16/2021 10:34 PM 1859.83 3.30 0.00518 10.37228 


2/16/2021 10:35 PM 1823.05 3.30 0.00508 10.16718 


2/16/2021 10:36 PM 1844.07 3.30 0.00514 10.28437 


2/16/2021 10:37 PM 1824.38 3.30 0.00508 10.17455 


2/16/2021 10:38 PM 1826.84 3.30 0.00509 10.18831 


2/16/2021 10:39 PM 1919.95 3.30 0.00535 10.70758 


2/16/2021 10:40 PM 1604.27 3.30 0.00447 8.94701 


2/16/2021 10:41 PM 859.66 3.30 0.00239 4.79431 


2/16/2021 10:42 PM 593.71 3.30 0.00165 3.31114 


2/16/2021 10:43 PM 666.63 3.30 0.00186 3.71781 


2/16/2021 10:44 PM 472.27 3.30 0.00132 2.63384 


2/16/2021 10:45 PM 233.25 3.30 0.00065 1.30084 


2/16/2021 10:46 PM 129.47 3.30 0.00036 0.72204 


2/16/2021 10:52 PM 4.13 3.30 0.00001 0.02304 


2/16/2021 10:53 PM 98.32 3.30 0.00027 0.54833 


2/16/2021 10:54 PM 185.43 3.30 0.00052 1.03412 


2/16/2021 10:55 PM 1.89 3.30 0.00001 0.01056 


2/16/2021 10:59 PM 196.08 3.30 0.00055 1.09352 


2/16/2021 11:00 PM 0.50 3.30 0.00000 0.00276 


2/16/2021 11:03 PM 7.99 3.30 0.00002 0.04456 


2/16/2021 11:07 PM 6.57 3.30 0.00002 0.03662 


2/16/2021 11:11 PM 4.09 3.30 0.00001 0.02282 


2/16/2021 11:14 PM 6.21 3.30 0.00002 0.03463 


2/16/2021 11:15 PM 19.97 0.50 0.00001 0.01688 


2/16/2021 11:18 PM 5.30 0.50 0.00000 0.00448 


2/16/2021 11:19 PM 4.07 0.50 0.00000 0.00344 


2/17/2021 12:17 AM 0.09 0.40 0.00000 0.00006 


2/17/2021 12:18 AM 19.60 0.40 0.00001 0.01325 


2/17/2021 12:19 AM 48.68 0.40 0.00002 0.03291 


2/17/2021 12:20 AM 7.39 0.40 0.00000 0.00499 


2/17/2021 12:21 AM 58.61 0.40 0.00002 0.03962 


2/17/2021 12:22 AM 16.67 0.40 0.00001 0.01127 


2/17/2021 12:23 AM 2.15 0.40 0.00000 0.00145 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 12:24 AM 2.29 0.40 0.00000 0.00155 


2/17/2021 12:25 AM 0.11 0.40 0.00000 0.00007 


2/17/2021 12:26 AM 33.48 0.40 0.00001 0.02263 


2/17/2021 12:27 AM 0.55 0.40 0.00000 0.00037 


2/17/2021 12:29 AM 2.15 0.40 0.00000 0.00145 


2/17/2021 12:30 AM 6.74 0.40 0.00000 0.00455 


2/17/2021 12:31 AM 29.85 0.40 0.00001 0.02018 


2/17/2021 12:32 AM 8.51 0.40 0.00000 0.00576 


2/17/2021 12:33 AM 26.07 0.40 0.00001 0.01762 


2/17/2021 12:34 AM 0.39 0.40 0.00000 0.00027 


2/17/2021 12:46 AM 2.08 0.40 0.00000 0.00141 


2/17/2021 12:47 AM 109.14 0.40 0.00004 0.07378 


2/17/2021 12:50 AM 2.16 0.40 0.00000 0.00146 


2/17/2021 12:51 AM 0.87 0.40 0.00000 0.00059 


2/17/2021 12:53 AM 2.06 0.40 0.00000 0.00139 


2/17/2021 12:54 AM 2.77 0.40 0.00000 0.00187 


2/17/2021 12:55 AM 1.44 0.40 0.00000 0.00097 


2/17/2021 12:56 AM 10.09 0.40 0.00000 0.00682 


2/17/2021 12:57 AM 18.51 0.40 0.00001 0.01251 


2/17/2021 1:02 AM 17.54 0.40 0.00001 0.01186 


2/17/2021 1:03 AM 77.90 0.40 0.00003 0.05266 


2/17/2021 1:04 AM 5.33 0.40 0.00000 0.00360 


2/17/2021 1:07 AM 2.69 0.40 0.00000 0.00182 


2/17/2021 1:08 AM 1.64 0.40 0.00000 0.00111 


2/17/2021 1:11 AM 28.13 0.40 0.00001 0.01901 


2/17/2021 1:12 AM 16.42 0.40 0.00001 0.01110 


2/17/2021 1:13 AM 46.49 0.40 0.00002 0.03143 


2/17/2021 1:14 AM 8.00 0.40 0.00000 0.00541 


2/17/2021 1:15 AM 98.77 0.40 0.00003 0.06677 


2/17/2021 1:16 AM 22.37 0.40 0.00001 0.01512 


2/17/2021 1:17 AM 3.80 0.40 0.00000 0.00257 


2/17/2021 1:20 AM 19.37 0.40 0.00001 0.01309 


2/17/2021 1:27 AM 3.65 0.40 0.00000 0.00247 


2/17/2021 1:28 AM 56.52 0.40 0.00002 0.03821 


2/17/2021 1:29 AM 18.92 0.40 0.00001 0.01279 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 1:30 AM 12.66 0.40 0.00000 0.00856 


2/17/2021 1:32 AM 8.46 0.40 0.00000 0.00572 


2/17/2021 1:37 AM 11.31 0.40 0.00000 0.00764 


2/17/2021 1:38 AM 3.17 0.40 0.00000 0.00214 


2/17/2021 1:39 AM 3.98 0.40 0.00000 0.00269 


2/17/2021 1:42 AM 8.97 0.40 0.00000 0.00606 


2/17/2021 2:05 AM 34.99 0.40 0.00001 0.02365 


2/17/2021 2:06 AM 42.15 0.40 0.00001 0.02850 


2/17/2021 2:07 AM 9.56 0.40 0.00000 0.00646 


2/17/2021 2:08 AM 4.10 0.40 0.00000 0.00277 


2/17/2021 2:15 AM 3.31 0.70 0.00000 0.00391 


2/17/2021 2:16 AM 0.53 0.70 0.00000 0.00062 


2/17/2021 2:17 AM 83.44 0.70 0.00005 0.09871 


2/17/2021 2:20 AM 74.34 0.70 0.00004 0.08795 


2/17/2021 2:21 AM 2.67 0.70 0.00000 0.00316 


2/17/2021 2:22 AM 30.05 0.70 0.00002 0.03555 


2/17/2021 2:23 AM 59.16 0.70 0.00003 0.06999 


2/17/2021 2:24 AM 1.52 0.70 0.00000 0.00180 


2/17/2021 2:25 AM 28.07 0.70 0.00002 0.03321 


2/17/2021 2:27 AM 33.92 0.70 0.00002 0.04013 


2/17/2021 2:28 AM 97.07 0.70 0.00006 0.11484 


2/17/2021 2:29 AM 28.76 0.70 0.00002 0.03402 


2/17/2021 2:30 AM 23.86 0.70 0.00001 0.02823 


2/17/2021 2:31 AM 1.64 0.70 0.00000 0.00194 


2/17/2021 2:32 AM 31.93 0.70 0.00002 0.03777 


2/17/2021 2:33 AM 108.50 0.70 0.00006 0.12835 


2/17/2021 2:34 AM 48.19 0.70 0.00003 0.05701 


2/17/2021 2:35 AM 18.41 0.70 0.00001 0.02178 


2/17/2021 2:36 AM 19.72 0.70 0.00001 0.02333 


2/17/2021 2:37 AM 91.55 0.70 0.00005 0.10830 


2/17/2021 2:38 AM 68.64 0.70 0.00004 0.08120 


2/17/2021 2:39 AM 39.33 0.70 0.00002 0.04652 


2/17/2021 2:40 AM 32.28 0.70 0.00002 0.03818 


2/17/2021 2:41 AM 17.79 0.70 0.00001 0.02104 


2/17/2021 2:42 AM 0.10 0.70 0.00000 0.00012 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 2:43 AM 16.09 0.70 0.00001 0.01904 


2/17/2021 2:46 AM 2.66 0.70 0.00000 0.00315 


2/17/2021 2:47 AM 1.94 0.70 0.00000 0.00230 


2/17/2021 2:48 AM 2.60 0.70 0.00000 0.00308 


2/17/2021 2:49 AM 1.75 0.70 0.00000 0.00207 


2/17/2021 2:50 AM 16.60 0.70 0.00001 0.01964 


2/17/2021 2:51 AM 38.10 0.70 0.00002 0.04507 


2/17/2021 2:52 AM 8.94 0.70 0.00001 0.01057 


2/17/2021 2:53 AM 32.73 0.70 0.00002 0.03872 


2/17/2021 2:54 AM 9.15 0.70 0.00001 0.01082 


2/17/2021 2:55 AM 1.56 0.70 0.00000 0.00184 


2/17/2021 2:56 AM 121.41 0.70 0.00007 0.14363 


2/17/2021 2:57 AM 49.12 0.70 0.00003 0.05811 


2/17/2021 2:58 AM 76.55 0.70 0.00005 0.09056 


2/17/2021 2:59 AM 87.24 0.70 0.00005 0.10320 


2/17/2021 3:04 AM 2.44 0.70 0.00000 0.00288 


2/17/2021 3:24 AM 28.33 0.30 0.00001 0.01436 


2/17/2021 3:25 AM 16.76 0.30 0.00000 0.00850 


2/17/2021 3:29 AM 2.08 0.30 0.00000 0.00106 


2/17/2021 3:30 AM 0.10 0.30 0.00000 0.00005 


2/17/2021 3:31 AM 2.11 0.30 0.00000 0.00107 


2/17/2021 3:32 AM 6.58 0.30 0.00000 0.00333 


2/17/2021 3:34 AM 7.39 0.30 0.00000 0.00375 


2/17/2021 3:35 AM 0.63 0.30 0.00000 0.00032 


2/17/2021 3:36 AM 1.66 0.30 0.00000 0.00084 


2/17/2021 3:37 AM 8.58 0.30 0.00000 0.00435 


2/17/2021 3:38 AM 18.87 0.30 0.00000 0.00957 


2/17/2021 3:39 AM 8.95 0.30 0.00000 0.00454 


2/17/2021 3:40 AM 2.33 0.30 0.00000 0.00118 


2/17/2021 3:41 AM 17.69 0.30 0.00000 0.00897 


2/17/2021 3:42 AM 3.04 0.30 0.00000 0.00154 


2/17/2021 3:43 AM 28.43 0.30 0.00001 0.01441 


2/17/2021 3:44 AM 7.48 0.30 0.00000 0.00379 


2/17/2021 3:45 AM 2.45 0.30 0.00000 0.00124 


2/17/2021 3:49 AM 7.14 0.30 0.00000 0.00362 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 3:50 AM 0.09 0.30 0.00000 0.00005 


2/17/2021 3:53 AM 6.56 0.30 0.00000 0.00332 


2/17/2021 3:54 AM 3.78 0.30 0.00000 0.00191 


2/17/2021 3:55 AM 22.60 0.30 0.00001 0.01146 


2/17/2021 3:56 AM 139.01 0.30 0.00004 0.07048 


2/17/2021 3:58 AM 0.15 0.30 0.00000 0.00008 


2/17/2021 3:59 AM 0.47 0.30 0.00000 0.00024 


2/17/2021 4:01 AM 8.29 0.30 0.00000 0.00420 


2/17/2021 4:02 AM 49.79 0.30 0.00001 0.02525 


2/17/2021 4:03 AM 4.01 0.30 0.00000 0.00203 


2/17/2021 4:04 AM 46.74 0.30 0.00001 0.02370 


2/17/2021 4:05 AM 2.18 0.30 0.00000 0.00111 


2/17/2021 4:06 AM 2.18 0.30 0.00000 0.00111 


2/17/2021 4:07 AM 0.53 0.30 0.00000 0.00027 


2/17/2021 4:08 AM 22.95 0.30 0.00001 0.01164 


2/17/2021 4:09 AM 71.19 0.30 0.00002 0.03609 


2/17/2021 4:10 AM 10.03 0.30 0.00000 0.00509 


2/17/2021 4:11 AM 3.65 0.30 0.00000 0.00185 


2/17/2021 4:12 AM 1.93 0.30 0.00000 0.00098 


2/17/2021 4:13 AM 7.75 0.30 0.00000 0.00393 


2/17/2021 4:14 AM 2.19 0.30 0.00000 0.00111 


2/17/2021 4:16 AM 3.01 0.30 0.00000 0.00153 


2/17/2021 4:17 AM 15.09 0.30 0.00000 0.00765 


2/17/2021 4:20 AM 35.72 0.30 0.00001 0.01811 


2/17/2021 4:21 AM 6.21 0.30 0.00000 0.00315 


2/17/2021 4:22 AM 11.21 0.30 0.00000 0.00569 


2/17/2021 4:23 AM 139.65 0.30 0.00004 0.07080 


2/17/2021 4:24 AM 62.20 0.30 0.00002 0.03153 


2/17/2021 4:25 AM 17.10 0.30 0.00000 0.00867 


2/17/2021 4:33 AM 12.53 0.30 0.00000 0.00635 


2/17/2021 4:34 AM 7.34 0.30 0.00000 0.00372 


2/17/2021 4:36 AM 0.53 0.30 0.00000 0.00027 


2/17/2021 4:37 AM 29.60 0.30 0.00001 0.01501 


2/17/2021 4:38 AM 26.53 0.30 0.00001 0.01345 


2/17/2021 4:39 AM 49.85 0.30 0.00001 0.02528 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 4:40 AM 2.18 0.30 0.00000 0.00111 


2/17/2021 4:42 AM 5.30 0.30 0.00000 0.00269 


2/17/2021 4:44 AM 8.02 0.30 0.00000 0.00407 


2/17/2021 4:45 AM 18.08 0.30 0.00000 0.00917 


2/17/2021 4:46 AM 3.85 0.30 0.00000 0.00195 


2/17/2021 4:47 AM 5.06 0.30 0.00000 0.00256 


2/17/2021 4:48 AM 30.63 0.30 0.00001 0.01553 


2/17/2021 4:49 AM 4.81 0.30 0.00000 0.00244 


2/17/2021 4:50 AM 34.35 0.30 0.00001 0.01741 


2/17/2021 4:51 AM 4.18 0.30 0.00000 0.00212 


2/17/2021 4:52 AM 116.00 0.30 0.00003 0.05881 


2/17/2021 4:53 AM 12.80 0.30 0.00000 0.00649 


2/17/2021 4:54 AM 50.34 0.30 0.00001 0.02552 


2/17/2021 4:55 AM 159.57 0.30 0.00004 0.08090 


2/17/2021 4:56 AM 58.36 0.30 0.00001 0.02959 


2/17/2021 4:57 AM 9.95 0.30 0.00000 0.00505 


2/17/2021 4:58 AM 56.48 0.30 0.00001 0.02864 


2/17/2021 4:59 AM 11.49 0.30 0.00000 0.00583 


2/17/2021 5:00 AM 53.66 0.30 0.00001 0.02721 


2/17/2021 5:01 AM 22.56 0.30 0.00001 0.01144 


2/17/2021 5:02 AM 22.16 0.30 0.00001 0.01124 


2/17/2021 5:03 AM 4.09 0.30 0.00000 0.00207 


2/17/2021 5:04 AM 6.25 0.30 0.00000 0.00317 


2/17/2021 5:05 AM 17.61 0.30 0.00000 0.00893 


2/17/2021 5:06 AM 50.82 0.30 0.00001 0.02577 


2/17/2021 5:07 AM 52.75 0.30 0.00001 0.02674 


2/17/2021 5:08 AM 16.88 0.30 0.00000 0.00856 


2/17/2021 5:09 AM 6.28 0.30 0.00000 0.00319 


2/17/2021 5:10 AM 9.11 0.30 0.00000 0.00462 


2/17/2021 5:11 AM 6.72 0.30 0.00000 0.00340 


2/17/2021 5:12 AM 1.76 0.30 0.00000 0.00089 


2/17/2021 5:13 AM 2.13 0.30 0.00000 0.00108 


2/17/2021 5:14 AM 1.46 0.30 0.00000 0.00074 


2/17/2021 5:19 AM 8.51 0.20 0.00000 0.00288 


2/17/2021 5:20 AM 9.31 0.20 0.00000 0.00315 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 5:22 AM 8.84 0.20 0.00000 0.00299 


2/17/2021 5:23 AM 16.01 0.20 0.00000 0.00541 


2/17/2021 5:24 AM 40.71 0.20 0.00001 0.01376 


2/17/2021 5:25 AM 30.41 0.20 0.00001 0.01028 


2/17/2021 5:29 AM 5.27 0.20 0.00000 0.00178 


2/17/2021 5:31 AM 66.88 0.20 0.00001 0.02260 


2/17/2021 5:32 AM 144.35 0.20 0.00002 0.04879 


2/17/2021 5:33 AM 6.03 0.20 0.00000 0.00204 


2/17/2021 5:34 AM 18.03 0.20 0.00000 0.00609 


2/17/2021 5:36 AM 14.58 0.20 0.00000 0.00493 


2/17/2021 5:37 AM 4.62 0.20 0.00000 0.00156 


2/17/2021 5:38 AM 2.20 0.20 0.00000 0.00074 


2/17/2021 5:39 AM 1.92 0.20 0.00000 0.00065 


2/17/2021 5:40 AM 13.04 0.20 0.00000 0.00441 


2/17/2021 5:41 AM 47.55 0.20 0.00001 0.01607 


2/17/2021 5:42 AM 32.99 0.20 0.00001 0.01115 


2/17/2021 5:43 AM 1.92 0.20 0.00000 0.00065 


2/17/2021 5:45 AM 9.33 0.20 0.00000 0.00315 


2/17/2021 5:46 AM 0.88 0.20 0.00000 0.00030 


2/17/2021 5:47 AM 0.28 0.20 0.00000 0.00009 


2/17/2021 5:48 AM 12.64 0.20 0.00000 0.00427 


2/17/2021 5:49 AM 121.01 0.20 0.00002 0.04090 


2/17/2021 5:50 AM 17.46 0.20 0.00000 0.00590 


2/17/2021 5:51 AM 44.46 0.20 0.00001 0.01503 


2/17/2021 5:53 AM 4.10 0.20 0.00000 0.00139 


2/17/2021 5:54 AM 2.08 0.20 0.00000 0.00070 


2/17/2021 5:55 AM 0.10 0.20 0.00000 0.00003 


2/17/2021 5:59 AM 19.76 0.20 0.00000 0.00668 


2/17/2021 6:00 AM 10.05 0.20 0.00000 0.00340 


2/17/2021 6:01 AM 8.57 0.20 0.00000 0.00290 


2/17/2021 6:02 AM 4.82 0.20 0.00000 0.00163 


2/17/2021 6:03 AM 1.56 0.20 0.00000 0.00053 


2/17/2021 6:04 AM 9.23 0.20 0.00000 0.00312 


2/17/2021 6:05 AM 9.78 0.20 0.00000 0.00330 


2/17/2021 6:06 AM 41.48 0.20 0.00001 0.01402 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 6:07 AM 69.38 0.20 0.00001 0.02345 


2/17/2021 6:08 AM 160.72 0.20 0.00003 0.05432 


2/17/2021 6:09 AM 132.31 0.20 0.00002 0.04472 


2/17/2021 6:12 AM 5.06 0.20 0.00000 0.00171 


2/17/2021 6:13 AM 0.25 0.20 0.00000 0.00008 


2/17/2021 6:18 AM 0.46 0.10 0.00000 0.00008 


2/17/2021 6:19 AM 5.19 0.10 0.00000 0.00088 


2/17/2021 6:21 AM 3.58 0.10 0.00000 0.00061 


2/17/2021 6:23 AM 24.63 0.10 0.00000 0.00416 


2/17/2021 6:24 AM 102.60 0.10 0.00001 0.01734 


2/17/2021 6:25 AM 9.83 0.10 0.00000 0.00166 


2/17/2021 6:27 AM 27.76 0.10 0.00000 0.00469 


2/17/2021 6:28 AM 73.15 0.10 0.00001 0.01236 


2/17/2021 6:29 AM 51.59 0.10 0.00000 0.00872 


2/17/2021 6:30 AM 9.33 0.10 0.00000 0.00158 


2/17/2021 6:31 AM 29.13 0.10 0.00000 0.00492 


2/17/2021 6:32 AM 44.30 0.10 0.00000 0.00749 


2/17/2021 6:33 AM 0.10 0.10 0.00000 0.00002 


2/17/2021 6:39 AM 21.50 0.10 0.00000 0.00363 


2/17/2021 6:40 AM 21.77 0.10 0.00000 0.00368 


2/17/2021 6:41 AM 3.07 0.10 0.00000 0.00052 


2/17/2021 6:42 AM 104.95 0.10 0.00001 0.01774 


2/17/2021 6:43 AM 11.69 0.10 0.00000 0.00198 


2/17/2021 6:44 AM 9.58 0.10 0.00000 0.00162 


2/17/2021 6:45 AM 13.93 0.10 0.00000 0.00235 


2/17/2021 6:46 AM 2.34 0.10 0.00000 0.00040 


2/17/2021 6:47 AM 12.28 0.10 0.00000 0.00208 


2/17/2021 6:48 AM 4.12 0.10 0.00000 0.00070 


2/17/2021 6:49 AM 18.06 0.10 0.00000 0.00305 


2/17/2021 6:50 AM 20.53 0.10 0.00000 0.00347 


2/17/2021 6:54 AM 28.62 0.10 0.00000 0.00484 


2/17/2021 6:55 AM 96.66 0.10 0.00001 0.01634 


2/17/2021 6:56 AM 0.42 0.10 0.00000 0.00007 


2/17/2021 6:57 AM 27.09 0.10 0.00000 0.00458 


2/17/2021 6:58 AM 9.52 0.10 0.00000 0.00161 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 6:59 AM 0.11 0.10 0.00000 0.00002 


2/17/2021 7:05 AM 35.81 0.10 0.00000 0.00605 


2/17/2021 7:06 AM 71.03 0.10 0.00001 0.01200 


2/17/2021 7:07 AM 33.62 0.10 0.00000 0.00568 


2/17/2021 7:08 AM 11.51 0.10 0.00000 0.00194 


2/17/2021 7:11 AM 8.77 0.10 0.00000 0.00148 


2/17/2021 7:12 AM 65.46 0.10 0.00001 0.01106 


2/17/2021 7:13 AM 38.17 0.10 0.00000 0.00645 


2/17/2021 7:14 AM 65.86 0.10 0.00001 0.01113 


2/17/2021 7:15 AM 45.15 0.10 0.00000 0.00763 


2/17/2021 7:16 AM 24.10 0.10 0.00000 0.00407 


2/17/2021 7:17 AM 33.16 0.10 0.00000 0.00560 


2/17/2021 7:18 AM 12.51 0.10 0.00000 0.00211 


2/17/2021 7:19 AM 73.75 0.10 0.00001 0.01246 


2/17/2021 7:21 AM 6.28 0.10 0.00000 0.00106 


2/17/2021 7:22 AM 4.97 0.10 0.00000 0.00084 


2/17/2021 7:27 AM 0.66 0.10 0.00000 0.00011 


2/17/2021 7:28 AM 11.42 0.10 0.00000 0.00193 


2/17/2021 7:29 AM 19.33 0.10 0.00000 0.00327 


2/17/2021 7:30 AM 117.98 0.10 0.00001 0.01994 


2/17/2021 7:31 AM 37.87 0.10 0.00000 0.00640 


2/17/2021 7:32 AM 1.36 0.10 0.00000 0.00023 


2/17/2021 7:33 AM 16.06 0.10 0.00000 0.00271 


2/17/2021 7:34 AM 7.63 0.10 0.00000 0.00129 


2/17/2021 7:35 AM 9.62 0.10 0.00000 0.00163 


2/17/2021 7:39 AM 28.38 0.10 0.00000 0.00480 


2/17/2021 7:40 AM 127.12 0.10 0.00001 0.02148 


2/17/2021 7:41 AM 8.54 0.10 0.00000 0.00144 


2/17/2021 7:42 AM 79.44 0.10 0.00001 0.01343 


2/17/2021 7:43 AM 91.33 0.10 0.00001 0.01544 


2/17/2021 7:44 AM 32.00 0.10 0.00000 0.00541 


2/17/2021 7:45 AM 0.52 0.10 0.00000 0.00009 


2/17/2021 7:48 AM 18.74 0.10 0.00000 0.00317 


2/17/2021 7:49 AM 53.85 0.10 0.00000 0.00910 


2/17/2021 7:50 AM 29.75 0.10 0.00000 0.00503 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 7:51 AM 14.90 0.10 0.00000 0.00252 


2/17/2021 7:53 AM 0.73 0.10 0.00000 0.00012 


2/17/2021 7:54 AM 3.02 0.10 0.00000 0.00051 


2/17/2021 7:55 AM 8.34 0.10 0.00000 0.00141 


2/17/2021 7:57 AM 48.48 0.10 0.00000 0.00819 


2/17/2021 7:58 AM 104.53 0.10 0.00001 0.01766 


2/17/2021 7:59 AM 3.23 0.10 0.00000 0.00055 


2/17/2021 8:00 AM 24.09 0.10 0.00000 0.00407 


2/17/2021 8:03 AM 5.75 0.10 0.00000 0.00097 


2/17/2021 8:04 AM 12.66 0.10 0.00000 0.00214 


2/17/2021 8:06 AM 2.77 0.10 0.00000 0.00047 


2/17/2021 8:07 AM 73.59 0.10 0.00001 0.01244 


2/17/2021 8:08 AM 51.66 0.10 0.00000 0.00873 


2/17/2021 8:09 AM 31.23 0.10 0.00000 0.00528 


2/17/2021 8:10 AM 29.54 0.10 0.00000 0.00499 


2/17/2021 8:11 AM 66.96 0.10 0.00001 0.01132 


2/17/2021 8:12 AM 8.58 0.10 0.00000 0.00145 


2/17/2021 8:13 AM 0.80 0.10 0.00000 0.00014 


2/17/2021 8:14 AM 58.92 0.10 0.00000 0.00996 


2/17/2021 8:15 AM 109.75 0.10 0.00001 0.01855 


2/17/2021 8:16 AM 58.30 0.10 0.00000 0.00985 


2/17/2021 8:17 AM 7.69 0.10 0.00000 0.00130 


2/17/2021 8:18 AM 0.72 0.10 0.00000 0.00012 


2/17/2021 8:19 AM 2.27 0.10 0.00000 0.00038 


2/17/2021 8:21 AM 51.32 0.10 0.00000 0.00867 


2/17/2021 8:22 AM 108.51 0.10 0.00001 0.01834 


2/17/2021 8:23 AM 79.85 0.10 0.00001 0.01349 


2/17/2021 8:24 AM 106.45 0.10 0.00001 0.01799 


2/17/2021 8:25 AM 16.43 0.10 0.00000 0.00278 


2/17/2021 8:26 AM 58.30 0.10 0.00000 0.00985 


2/17/2021 8:27 AM 22.18 0.10 0.00000 0.00375 


2/17/2021 8:28 AM 16.17 0.10 0.00000 0.00273 


2/17/2021 8:29 AM 55.45 0.10 0.00000 0.00937 


2/17/2021 8:30 AM 65.07 0.10 0.00001 0.01100 


2/17/2021 8:31 AM 136.38 0.10 0.00001 0.02305 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 8:32 AM 83.87 0.10 0.00001 0.01417 


2/17/2021 8:33 AM 119.85 0.10 0.00001 0.02026 


2/17/2021 8:34 AM 171.80 0.10 0.00001 0.02903 


2/17/2021 8:35 AM 145.11 0.10 0.00001 0.02452 


2/17/2021 8:36 AM 191.20 0.10 0.00002 0.03231 


2/17/2021 8:37 AM 172.53 0.10 0.00001 0.02916 


2/17/2021 8:38 AM 156.23 0.10 0.00001 0.02640 


2/17/2021 8:39 AM 259.74 0.10 0.00002 0.04390 


2/17/2021 8:40 AM 2.41 0.10 0.00000 0.00041 


2/17/2021 8:41 AM 1.08 0.10 0.00000 0.00018 


2/17/2021 8:42 AM 17.66 0.10 0.00000 0.00298 


2/17/2021 8:43 AM 5.43 0.10 0.00000 0.00092 


2/17/2021 8:47 AM 0.47 0.10 0.00000 0.00008 


2/17/2021 8:48 AM 2.23 0.10 0.00000 0.00038 


2/17/2021 8:49 AM 101.77 0.10 0.00001 0.01720 


2/17/2021 8:50 AM 94.33 0.10 0.00001 0.01594 


2/17/2021 8:51 AM 25.28 0.10 0.00000 0.00427 


2/17/2021 8:52 AM 40.31 0.10 0.00000 0.00681 


2/17/2021 8:53 AM 48.76 0.10 0.00000 0.00824 


2/17/2021 8:55 AM 6.72 0.10 0.00000 0.00114 


2/17/2021 8:56 AM 23.99 0.10 0.00000 0.00405 


2/17/2021 8:57 AM 22.41 0.10 0.00000 0.00379 


2/17/2021 8:58 AM 138.25 0.10 0.00001 0.02336 


2/17/2021 8:59 AM 340.61 0.10 0.00003 0.05756 


2/17/2021 9:00 AM 241.71 0.10 0.00002 0.04085 


2/17/2021 9:01 AM 85.20 0.10 0.00001 0.01440 


2/17/2021 9:02 AM 261.49 0.10 0.00002 0.04419 


2/17/2021 9:03 AM 104.71 0.10 0.00001 0.01770 


2/17/2021 9:04 AM 187.56 0.10 0.00002 0.03170 


2/17/2021 9:05 AM 192.98 0.10 0.00002 0.03261 


2/17/2021 9:06 AM 163.90 0.10 0.00001 0.02770 


2/17/2021 9:07 AM 137.91 0.10 0.00001 0.02331 


2/17/2021 9:08 AM 234.57 0.10 0.00002 0.03964 


2/17/2021 9:09 AM 130.06 0.10 0.00001 0.02198 


2/17/2021 9:10 AM 86.81 0.10 0.00001 0.01467 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 9:11 AM 43.12 0.10 0.00000 0.00729 


2/17/2021 9:12 AM 55.52 0.10 0.00000 0.00938 


2/17/2021 9:13 AM 16.22 0.10 0.00000 0.00274 


2/17/2021 9:14 AM 42.09 0.10 0.00000 0.00711 


2/17/2021 9:15 AM 170.03 0.20 0.00003 0.05747 


2/17/2021 9:16 AM 143.89 0.20 0.00002 0.04864 


2/17/2021 9:17 AM 232.99 0.20 0.00004 0.07875 


2/17/2021 9:18 AM 301.13 0.20 0.00005 0.10178 


2/17/2021 9:19 AM 247.73 0.20 0.00004 0.08373 


2/17/2021 9:20 AM 116.49 0.20 0.00002 0.03937 


2/17/2021 9:21 AM 123.28 0.20 0.00002 0.04167 


2/17/2021 9:22 AM 117.99 0.20 0.00002 0.03988 


2/17/2021 9:23 AM 83.35 0.20 0.00001 0.02817 


2/17/2021 9:24 AM 10.96 0.20 0.00000 0.00370 


2/17/2021 9:25 AM 53.56 0.20 0.00001 0.01810 


2/17/2021 9:26 AM 76.84 0.20 0.00001 0.02597 


2/17/2021 9:27 AM 180.80 0.20 0.00003 0.06111 


2/17/2021 9:28 AM 251.12 0.20 0.00004 0.08488 


2/17/2021 9:29 AM 93.32 0.20 0.00002 0.03154 


2/17/2021 9:30 AM 99.86 0.20 0.00002 0.03375 


2/17/2021 9:31 AM 143.09 0.20 0.00002 0.04836 


2/17/2021 9:32 AM 175.53 0.20 0.00003 0.05933 


2/17/2021 9:33 AM 130.68 0.20 0.00002 0.04417 


2/17/2021 9:34 AM 550.84 0.20 0.00009 0.18619 


2/17/2021 9:35 AM 2862.00 0.20 0.00048 0.96736 


2/17/2021 9:36 AM 1075.22 0.20 0.00018 0.36342 


2/17/2021 9:37 AM 1057.18 0.20 0.00018 0.35733 


2/17/2021 9:38 AM 1017.73 0.20 0.00017 0.34399 


2/17/2021 9:39 AM 992.07 0.20 0.00017 0.33532 


2/17/2021 9:40 AM 1097.93 0.20 0.00019 0.37110 


2/17/2021 9:41 AM 1172.50 0.20 0.00020 0.39630 


2/17/2021 9:42 AM 1022.76 0.20 0.00017 0.34569 


2/17/2021 9:43 AM 988.26 0.20 0.00017 0.33403 


2/17/2021 9:44 AM 691.91 0.20 0.00012 0.23386 


2/17/2021 9:45 AM 400.74 0.20 0.00007 0.13545 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 9:46 AM 349.54 0.20 0.00006 0.11814 


2/17/2021 9:47 AM 228.50 0.20 0.00004 0.07723 


2/17/2021 9:48 AM 288.41 0.20 0.00005 0.09748 


2/17/2021 9:49 AM 94.97 0.20 0.00002 0.03210 


2/17/2021 9:50 AM 78.13 0.20 0.00001 0.02641 


2/17/2021 9:51 AM 64.27 0.20 0.00001 0.02172 


2/17/2021 9:52 AM 157.10 0.20 0.00003 0.05310 


2/17/2021 9:53 AM 74.17 0.20 0.00001 0.02507 


2/17/2021 9:54 AM 121.66 0.20 0.00002 0.04112 


2/17/2021 9:55 AM 200.23 0.20 0.00003 0.06768 


2/17/2021 9:56 AM 174.04 0.20 0.00003 0.05882 


2/17/2021 9:57 AM 70.17 0.20 0.00001 0.02372 


2/17/2021 9:58 AM 26.74 0.20 0.00000 0.00904 


2/17/2021 9:59 AM 137.78 0.20 0.00002 0.04657 


2/17/2021 10:00 AM 158.16 0.20 0.00003 0.05346 


2/17/2021 10:01 AM 199.63 0.20 0.00003 0.06747 


2/17/2021 10:02 AM 132.68 0.20 0.00002 0.04485 


2/17/2021 10:03 AM 110.36 0.20 0.00002 0.03730 


2/17/2021 10:04 AM 127.61 0.20 0.00002 0.04313 


2/17/2021 10:05 AM 192.52 0.20 0.00003 0.06507 


2/17/2021 10:06 AM 160.36 0.20 0.00003 0.05420 


2/17/2021 10:07 AM 188.74 0.20 0.00003 0.06380 


2/17/2021 10:08 AM 214.01 0.20 0.00004 0.07233 


2/17/2021 10:09 AM 284.90 0.20 0.00005 0.09630 


2/17/2021 10:10 AM 232.97 0.20 0.00004 0.07874 


2/17/2021 10:11 AM 257.26 0.20 0.00004 0.08695 


2/17/2021 10:12 AM 225.29 0.20 0.00004 0.07615 


2/17/2021 10:13 AM 338.55 0.20 0.00006 0.11443 


2/17/2021 10:14 AM 245.38 0.20 0.00004 0.08294 


2/17/2021 10:15 AM 240.55 0.49 0.00010 0.19920 


2/17/2021 10:16 AM 296.56 0.49 0.00012 0.24558 


2/17/2021 10:17 AM 247.42 0.49 0.00010 0.20489 


2/17/2021 10:18 AM 210.67 0.49 0.00009 0.17445 


2/17/2021 10:19 AM 257.72 0.49 0.00011 0.21342 


2/17/2021 10:20 AM 352.23 0.49 0.00015 0.29168 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 10:21 AM 295.64 0.49 0.00012 0.24482 


2/17/2021 10:22 AM 243.17 0.49 0.00010 0.20137 


2/17/2021 10:23 AM 179.41 0.49 0.00007 0.14857 


2/17/2021 10:24 AM 206.54 0.49 0.00009 0.17104 


2/17/2021 10:25 AM 277.36 0.49 0.00011 0.22968 


2/17/2021 10:26 AM 315.47 0.49 0.00013 0.26124 


2/17/2021 10:27 AM 352.71 0.49 0.00015 0.29208 


2/17/2021 10:28 AM 361.68 0.49 0.00015 0.29951 


2/17/2021 10:29 AM 351.19 0.49 0.00015 0.29082 


2/17/2021 10:30 AM 194.72 0.49 0.00008 0.16125 


2/17/2021 10:31 AM 18.34 0.49 0.00001 0.01519 


2/17/2021 10:32 AM 29.97 0.49 0.00001 0.02482 


2/17/2021 10:33 AM 65.33 0.49 0.00003 0.05410 


2/17/2021 10:34 AM 31.45 0.49 0.00001 0.02605 


2/17/2021 10:35 AM 84.84 0.49 0.00004 0.07026 


2/17/2021 10:36 AM 52.25 0.49 0.00002 0.04326 


2/17/2021 10:37 AM 41.27 0.49 0.00002 0.03418 


2/17/2021 10:38 AM 71.62 0.49 0.00003 0.05931 


2/17/2021 10:39 AM 114.69 0.49 0.00005 0.09498 


2/17/2021 10:40 AM 141.34 0.49 0.00006 0.11704 


2/17/2021 10:41 AM 103.46 0.49 0.00004 0.08567 


2/17/2021 10:42 AM 63.93 0.49 0.00003 0.05294 


2/17/2021 10:43 AM 121.42 0.49 0.00005 0.10055 


2/17/2021 10:44 AM 155.28 0.49 0.00006 0.12859 


2/17/2021 10:45 AM 278.01 0.49 0.00011 0.23022 


2/17/2021 10:46 AM 229.90 0.49 0.00010 0.19038 


2/17/2021 10:47 AM 121.61 0.49 0.00005 0.10071 


2/17/2021 10:48 AM 129.88 0.49 0.00005 0.10755 


2/17/2021 10:49 AM 153.54 0.49 0.00006 0.12714 


2/17/2021 10:50 AM 134.73 0.49 0.00006 0.11157 


2/17/2021 10:51 AM 97.08 0.49 0.00004 0.08039 


2/17/2021 10:52 AM 96.13 0.49 0.00004 0.07961 


2/17/2021 10:53 AM 122.43 0.49 0.00005 0.10138 


2/17/2021 10:54 AM 145.77 0.49 0.00006 0.12071 


2/17/2021 10:55 AM 144.30 0.49 0.00006 0.11949 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 10:56 AM 103.44 0.49 0.00004 0.08566 


2/17/2021 10:57 AM 144.14 0.49 0.00006 0.11936 


2/17/2021 10:58 AM 111.84 0.49 0.00005 0.09261 


2/17/2021 10:59 AM 142.67 0.49 0.00006 0.11815 


2/17/2021 11:00 AM 244.70 0.49 0.00010 0.20263 


2/17/2021 11:01 AM 136.07 0.49 0.00006 0.11268 


2/17/2021 11:02 AM 164.25 0.49 0.00007 0.13602 


2/17/2021 11:03 AM 161.78 0.49 0.00007 0.13397 


2/17/2021 11:04 AM 206.92 0.49 0.00009 0.17135 


2/17/2021 11:05 AM 188.82 0.49 0.00008 0.15636 


2/17/2021 11:06 AM 164.99 0.49 0.00007 0.13663 


2/17/2021 11:07 AM 85.94 0.49 0.00004 0.07117 


2/17/2021 11:08 AM 111.88 0.49 0.00005 0.09264 


2/17/2021 11:09 AM 137.17 0.49 0.00006 0.11359 


2/17/2021 11:10 AM 277.86 0.49 0.00011 0.23009 


2/17/2021 11:11 AM 181.05 0.49 0.00007 0.14993 


2/17/2021 11:12 AM 109.19 0.49 0.00005 0.09042 


2/17/2021 11:13 AM 228.80 0.49 0.00009 0.18947 


2/17/2021 11:14 AM 337.01 0.49 0.00014 0.27908 


2/17/2021 11:15 AM 188.24 0.49 0.00008 0.15588 


2/17/2021 11:16 AM 116.17 0.49 0.00005 0.09620 


2/17/2021 11:17 AM 48.48 0.49 0.00002 0.04015 


2/17/2021 11:18 AM 80.47 0.49 0.00003 0.06664 


2/17/2021 11:19 AM 140.95 0.49 0.00006 0.11672 


2/17/2021 11:20 AM 185.12 0.49 0.00008 0.15330 


2/17/2021 11:21 AM 201.68 0.49 0.00008 0.16701 


2/17/2021 11:22 AM 117.07 0.49 0.00005 0.09695 


2/17/2021 11:23 AM 150.08 0.49 0.00006 0.12428 


2/17/2021 11:24 AM 139.39 0.49 0.00006 0.11543 


2/17/2021 11:25 AM 217.96 0.49 0.00009 0.18050 


2/17/2021 11:26 AM 156.60 0.49 0.00006 0.12968 


2/17/2021 11:27 AM 110.82 0.49 0.00005 0.09177 


2/17/2021 11:28 AM 181.50 0.49 0.00008 0.15030 


2/17/2021 11:29 AM 131.43 0.49 0.00005 0.10883 


2/17/2021 11:30 AM 168.00 0.49 0.00007 0.13912 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 11:31 AM 105.72 0.49 0.00004 0.08755 


2/17/2021 11:32 AM 80.05 0.49 0.00003 0.06629 


2/17/2021 11:33 AM 115.31 0.49 0.00005 0.09549 


2/17/2021 11:34 AM 120.68 0.49 0.00005 0.09993 


2/17/2021 11:35 AM 107.14 0.49 0.00004 0.08872 


2/17/2021 11:36 AM 77.96 0.49 0.00003 0.06456 


2/17/2021 11:37 AM 183.69 0.49 0.00008 0.15211 


2/17/2021 11:38 AM 306.78 0.49 0.00013 0.25405 


2/17/2021 11:39 AM 262.16 0.49 0.00011 0.21710 


2/17/2021 11:40 AM 142.61 0.49 0.00006 0.11809 


2/17/2021 11:41 AM 182.38 0.49 0.00008 0.15103 


2/17/2021 11:42 AM 338.11 0.49 0.00014 0.27999 


2/17/2021 11:43 AM 388.29 0.49 0.00016 0.32154 


2/17/2021 11:44 AM 272.70 0.49 0.00011 0.22582 


2/17/2021 11:45 AM 294.24 0.49 0.00012 0.24366 


2/17/2021 11:46 AM 284.30 0.49 0.00012 0.23542 


2/17/2021 11:47 AM 275.75 0.49 0.00011 0.22835 


2/17/2021 11:48 AM 319.41 0.49 0.00013 0.26451 


2/17/2021 11:49 AM 429.30 0.49 0.00018 0.35550 


2/17/2021 11:50 AM 286.47 0.49 0.00012 0.23722 


2/17/2021 11:51 AM 83.48 0.49 0.00003 0.06913 


2/17/2021 11:52 AM 66.77 0.49 0.00003 0.05529 


2/17/2021 11:53 AM 61.06 0.49 0.00003 0.05056 


2/17/2021 11:54 AM 47.46 0.49 0.00002 0.03930 


2/17/2021 11:55 AM 23.02 0.49 0.00001 0.01906 


2/17/2021 11:56 AM 63.99 0.49 0.00003 0.05299 


2/17/2021 11:57 AM 179.34 0.49 0.00007 0.14851 


2/17/2021 11:58 AM 289.25 0.49 0.00012 0.23952 


2/17/2021 11:59 AM 148.79 0.49 0.00006 0.12321 


2/17/2021 12:00 PM 106.88 0.49 0.00004 0.08851 


2/17/2021 12:01 PM 94.14 0.49 0.00004 0.07795 


2/17/2021 12:02 PM 64.73 0.49 0.00003 0.05360 


2/17/2021 12:03 PM 110.27 0.49 0.00005 0.09132 


2/17/2021 12:04 PM 49.22 0.49 0.00002 0.04076 


2/17/2021 12:05 PM 171.99 0.49 0.00007 0.14242 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 12:06 PM 319.30 0.49 0.00013 0.26441 


2/17/2021 12:07 PM 157.20 0.49 0.00007 0.13017 


2/17/2021 12:08 PM 230.09 0.49 0.00010 0.19054 


2/17/2021 12:09 PM 564.01 0.49 0.00023 0.46706 


2/17/2021 12:10 PM 553.26 0.49 0.00023 0.45816 


2/17/2021 12:11 PM 377.64 0.49 0.00016 0.31273 


2/17/2021 12:12 PM 290.21 0.49 0.00012 0.24032 


2/17/2021 12:13 PM 214.67 0.49 0.00009 0.17777 


2/17/2021 12:14 PM 337.86 0.49 0.00014 0.27978 


2/17/2021 12:15 PM 67.25 0.49 0.00003 0.05569 


2/17/2021 12:16 PM 98.78 0.49 0.00004 0.08180 


2/17/2021 12:17 PM 121.74 0.49 0.00005 0.10081 


2/17/2021 12:18 PM 74.06 0.49 0.00003 0.06133 


2/17/2021 12:19 PM 74.09 0.49 0.00003 0.06135 


2/17/2021 12:20 PM 116.21 0.49 0.00005 0.09623 


2/17/2021 12:21 PM 142.86 0.49 0.00006 0.11830 


2/17/2021 12:22 PM 99.32 0.49 0.00004 0.08225 


2/17/2021 12:23 PM 72.54 0.49 0.00003 0.06007 


2/17/2021 12:24 PM 110.39 0.49 0.00005 0.09142 


2/17/2021 12:25 PM 136.63 0.49 0.00006 0.11315 


2/17/2021 12:26 PM 72.34 0.49 0.00003 0.05990 


2/17/2021 12:27 PM 57.41 0.49 0.00002 0.04754 


2/17/2021 12:28 PM 104.10 0.49 0.00004 0.08620 


2/17/2021 12:29 PM 214.53 0.49 0.00009 0.17766 


2/17/2021 12:30 PM 185.29 0.49 0.00008 0.15344 


2/17/2021 12:31 PM 253.80 0.49 0.00010 0.21017 


2/17/2021 12:32 PM 364.42 0.49 0.00015 0.30177 


2/17/2021 12:33 PM 249.37 0.49 0.00010 0.20650 


2/17/2021 12:34 PM 144.99 0.49 0.00006 0.12006 


2/17/2021 12:35 PM 234.25 0.49 0.00010 0.19398 


2/17/2021 12:36 PM 171.82 0.49 0.00007 0.14228 


2/17/2021 12:37 PM 84.61 0.49 0.00003 0.07007 


2/17/2021 12:38 PM 41.87 0.49 0.00002 0.03467 


2/17/2021 12:39 PM 186.81 0.49 0.00008 0.15470 


2/17/2021 12:40 PM 226.01 0.49 0.00009 0.18716 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 12:41 PM 156.74 0.49 0.00006 0.12980 


2/17/2021 12:42 PM 83.04 0.49 0.00003 0.06876 


2/17/2021 12:43 PM 149.40 0.49 0.00006 0.12372 


2/17/2021 12:44 PM 220.48 0.49 0.00009 0.18258 


2/17/2021 12:45 PM 136.09 0.49 0.00006 0.11270 


2/17/2021 12:46 PM 201.30 0.49 0.00008 0.16670 


2/17/2021 12:47 PM 328.70 0.49 0.00014 0.27219 


2/17/2021 12:48 PM 351.16 0.49 0.00015 0.29080 


2/17/2021 12:49 PM 327.43 0.49 0.00014 0.27114 


2/17/2021 12:50 PM 438.29 0.49 0.00018 0.36295 


2/17/2021 12:51 PM 480.44 0.49 0.00020 0.39785 


2/17/2021 12:52 PM 140.84 0.49 0.00006 0.11663 


2/17/2021 12:53 PM 80.81 0.49 0.00003 0.06692 


2/17/2021 12:54 PM 143.28 0.49 0.00006 0.11865 


2/17/2021 12:55 PM 208.94 0.49 0.00009 0.17302 


2/17/2021 12:56 PM 187.96 0.49 0.00008 0.15565 


2/17/2021 12:57 PM 196.53 0.49 0.00008 0.16274 


2/17/2021 12:58 PM 198.70 0.49 0.00008 0.16454 


2/17/2021 12:59 PM 72.79 0.49 0.00003 0.06028 


2/17/2021 1:00 PM 97.76 0.49 0.00004 0.08096 


2/17/2021 1:01 PM 115.31 0.49 0.00005 0.09549 


2/17/2021 1:02 PM 78.04 0.49 0.00003 0.06462 


2/17/2021 1:03 PM 113.08 0.49 0.00005 0.09364 


2/17/2021 1:04 PM 272.33 0.49 0.00011 0.22552 


2/17/2021 1:05 PM 349.13 0.49 0.00014 0.28912 


2/17/2021 1:06 PM 311.41 0.49 0.00013 0.25788 


2/17/2021 1:07 PM 259.52 0.49 0.00011 0.21491 


2/17/2021 1:08 PM 169.63 0.49 0.00007 0.14047 


2/17/2021 1:09 PM 57.72 0.49 0.00002 0.04779 


2/17/2021 1:10 PM 49.76 0.49 0.00002 0.04120 


2/17/2021 1:11 PM 135.28 0.49 0.00006 0.11202 


2/17/2021 1:12 PM 114.22 0.49 0.00005 0.09459 


2/17/2021 1:13 PM 125.84 0.49 0.00005 0.10421 


2/17/2021 1:14 PM 180.13 0.49 0.00007 0.14916 


2/17/2021 1:15 PM 169.63 0.49 0.00007 0.14047 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 1:16 PM 55.62 0.49 0.00002 0.04606 


2/17/2021 1:17 PM 226.02 0.49 0.00009 0.18717 


2/17/2021 1:18 PM 267.39 0.49 0.00011 0.22142 


2/17/2021 1:19 PM 116.41 0.49 0.00005 0.09640 


2/17/2021 1:20 PM 255.23 0.49 0.00011 0.21136 


2/17/2021 1:21 PM 345.96 0.49 0.00014 0.28649 


2/17/2021 1:22 PM 278.94 0.49 0.00012 0.23099 


2/17/2021 1:23 PM 327.73 0.49 0.00014 0.27139 


2/17/2021 1:24 PM 429.56 0.49 0.00018 0.35572 


2/17/2021 1:25 PM 354.02 0.49 0.00015 0.29317 


2/17/2021 1:26 PM 253.90 0.49 0.00011 0.21026 


2/17/2021 1:27 PM 229.65 0.49 0.00009 0.19018 


2/17/2021 1:28 PM 207.42 0.49 0.00009 0.17176 


2/17/2021 1:29 PM 271.80 0.49 0.00011 0.22508 


2/17/2021 1:30 PM 330.57 0.49 0.00014 0.27374 


2/17/2021 1:31 PM 309.29 0.49 0.00013 0.25612 


2/17/2021 1:32 PM 315.74 0.49 0.00013 0.26146 


2/17/2021 1:33 PM 265.26 0.49 0.00011 0.21966 


2/17/2021 1:34 PM 318.12 0.49 0.00013 0.26344 


2/17/2021 1:35 PM 301.69 0.49 0.00012 0.24983 


2/17/2021 1:36 PM 95.99 0.49 0.00004 0.07949 


2/17/2021 1:37 PM 170.29 0.49 0.00007 0.14102 


2/17/2021 1:38 PM 208.25 0.49 0.00009 0.17245 


2/17/2021 1:39 PM 201.95 0.49 0.00008 0.16724 


2/17/2021 1:40 PM 246.43 0.49 0.00010 0.20406 


2/17/2021 1:41 PM 260.43 0.49 0.00011 0.21566 


2/17/2021 1:42 PM 226.63 0.49 0.00009 0.18767 


2/17/2021 1:43 PM 151.09 0.49 0.00006 0.12512 


2/17/2021 1:44 PM 282.80 0.49 0.00012 0.23419 


2/17/2021 1:45 PM 321.57 0.49 0.00013 0.26629 


2/17/2021 1:46 PM 187.84 0.49 0.00008 0.15555 


2/17/2021 1:47 PM 265.54 0.49 0.00011 0.21989 


2/17/2021 1:48 PM 252.60 0.49 0.00010 0.20918 


2/17/2021 1:49 PM 221.42 0.49 0.00009 0.18336 


2/17/2021 1:50 PM 323.19 0.49 0.00013 0.26763 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 1:51 PM 332.29 0.49 0.00014 0.27517 


2/17/2021 1:52 PM 167.38 0.49 0.00007 0.13861 


2/17/2021 1:53 PM 323.79 0.49 0.00013 0.26813 


2/17/2021 1:54 PM 365.45 0.49 0.00015 0.30263 


2/17/2021 1:55 PM 246.91 0.49 0.00010 0.20447 


2/17/2021 1:56 PM 178.74 0.49 0.00007 0.14802 


2/17/2021 1:57 PM 154.28 0.49 0.00006 0.12776 


2/17/2021 1:58 PM 223.21 0.49 0.00009 0.18484 


2/17/2021 1:59 PM 121.99 0.49 0.00005 0.10102 


2/17/2021 2:00 PM 136.13 0.49 0.00006 0.11273 


2/17/2021 2:01 PM 142.57 0.49 0.00006 0.11806 


2/17/2021 2:02 PM 57.02 0.49 0.00002 0.04722 


2/17/2021 2:03 PM 136.68 0.49 0.00006 0.11319 


2/17/2021 2:04 PM 238.28 0.49 0.00010 0.19732 


2/17/2021 2:05 PM 196.68 0.49 0.00008 0.16287 


2/17/2021 2:06 PM 192.20 0.49 0.00008 0.15916 


2/17/2021 2:07 PM 289.64 0.49 0.00012 0.23985 


2/17/2021 2:08 PM 203.07 0.49 0.00008 0.16816 


2/17/2021 2:09 PM 199.09 0.49 0.00008 0.16487 


2/17/2021 2:10 PM 253.48 0.49 0.00010 0.20991 


2/17/2021 2:11 PM 203.85 0.49 0.00008 0.16881 


2/17/2021 2:12 PM 259.36 0.49 0.00011 0.21478 


2/17/2021 2:13 PM 311.42 0.49 0.00013 0.25789 


2/17/2021 2:14 PM 81.78 0.49 0.00003 0.06773 


2/17/2021 2:15 PM 230.59 0.49 0.00010 0.19095 


2/17/2021 2:16 PM 249.80 0.49 0.00010 0.20686 


2/17/2021 2:17 PM 91.57 0.49 0.00004 0.07583 


2/17/2021 2:18 PM 105.79 0.49 0.00004 0.08761 


2/17/2021 2:19 PM 170.40 0.49 0.00007 0.14111 


2/17/2021 2:20 PM 106.92 0.49 0.00004 0.08854 


2/17/2021 2:21 PM 66.27 0.49 0.00003 0.05488 


2/17/2021 2:22 PM 200.49 0.49 0.00008 0.16602 


2/17/2021 2:23 PM 291.79 0.49 0.00012 0.24163 


2/17/2021 2:24 PM 75.66 0.49 0.00003 0.06266 


2/17/2021 2:25 PM 214.02 0.49 0.00009 0.17723 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 2:26 PM 268.77 0.49 0.00011 0.22257 


2/17/2021 2:27 PM 148.36 0.49 0.00006 0.12286 


2/17/2021 2:28 PM 272.28 0.49 0.00011 0.22548 


2/17/2021 2:29 PM 325.39 0.49 0.00013 0.26945 


2/17/2021 2:30 PM 227.92 0.49 0.00009 0.18874 


2/17/2021 2:31 PM 275.78 0.49 0.00011 0.22838 


2/17/2021 2:32 PM 286.14 0.49 0.00012 0.23696 


2/17/2021 2:33 PM 186.91 0.49 0.00008 0.15478 


2/17/2021 2:34 PM 274.19 0.49 0.00011 0.22705 


2/17/2021 2:35 PM 194.86 0.49 0.00008 0.16136 


2/17/2021 2:36 PM 57.35 0.49 0.00002 0.04749 


2/17/2021 2:37 PM 253.31 0.49 0.00010 0.20976 


2/17/2021 2:38 PM 275.71 0.49 0.00011 0.22832 


2/17/2021 2:39 PM 79.11 0.49 0.00003 0.06551 


2/17/2021 2:40 PM 241.10 0.49 0.00010 0.19965 


2/17/2021 2:41 PM 304.63 0.49 0.00013 0.25227 


2/17/2021 2:42 PM 269.31 0.49 0.00011 0.22301 


2/17/2021 2:43 PM 274.26 0.49 0.00011 0.22711 


2/17/2021 2:44 PM 845.04 0.49 0.00035 0.69978 


2/17/2021 2:45 PM 1272.82 0.49 0.00053 1.05402 


2/17/2021 2:46 PM 632.73 0.49 0.00026 0.52396 


2/17/2021 2:47 PM 284.10 0.49 0.00012 0.23527 


2/17/2021 2:48 PM 420.24 0.49 0.00017 0.34800 


2/17/2021 2:49 PM 256.69 0.49 0.00011 0.21256 


2/17/2021 2:50 PM 315.82 0.49 0.00013 0.26153 


2/17/2021 2:51 PM 291.40 0.49 0.00012 0.24131 


2/17/2021 2:52 PM 148.62 0.49 0.00006 0.12307 


2/17/2021 2:53 PM 112.85 0.49 0.00005 0.09345 


2/17/2021 2:54 PM 59.97 0.49 0.00002 0.04966 


2/17/2021 2:55 PM 110.29 0.49 0.00005 0.09133 


2/17/2021 2:56 PM 192.14 0.49 0.00008 0.15911 


2/17/2021 2:57 PM 104.82 0.49 0.00004 0.08681 


2/17/2021 2:58 PM 60.55 0.49 0.00003 0.05014 


2/17/2021 2:59 PM 25.62 0.49 0.00001 0.02121 


2/17/2021 3:00 PM 106.39 0.49 0.00004 0.08810 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 3:01 PM 117.96 0.49 0.00005 0.09768 


2/17/2021 3:02 PM 82.70 0.49 0.00003 0.06848 


2/17/2021 3:03 PM 161.46 0.49 0.00007 0.13370 


2/17/2021 3:04 PM 90.01 0.49 0.00004 0.07454 


2/17/2021 3:05 PM 13.12 0.49 0.00001 0.01086 


2/17/2021 3:06 PM 81.40 0.49 0.00003 0.06741 


2/17/2021 3:07 PM 126.37 0.49 0.00005 0.10465 


2/17/2021 3:08 PM 20.67 0.49 0.00001 0.01711 


2/17/2021 3:09 PM 46.57 0.49 0.00002 0.03856 


2/17/2021 3:10 PM 65.75 0.49 0.00003 0.05445 


2/17/2021 3:11 PM 81.69 0.49 0.00003 0.06765 


2/17/2021 3:12 PM 19.29 0.49 0.00001 0.01597 


2/17/2021 3:13 PM 86.01 0.49 0.00004 0.07122 


2/17/2021 3:14 PM 66.87 0.49 0.00003 0.05538 


2/17/2021 3:15 PM 27.14 0.49 0.00001 0.02247 


2/17/2021 3:16 PM 111.80 0.49 0.00005 0.09259 


2/17/2021 3:17 PM 29.68 0.49 0.00001 0.02458 


2/17/2021 3:19 PM 51.03 0.49 0.00002 0.04226 


2/17/2021 3:20 PM 59.37 0.49 0.00002 0.04916 


2/17/2021 3:21 PM 0.73 0.49 0.00000 0.00061 


2/17/2021 3:22 PM 38.46 0.49 0.00002 0.03185 


2/17/2021 3:23 PM 98.74 0.49 0.00004 0.08177 


2/17/2021 3:24 PM 9.93 0.49 0.00000 0.00822 


2/17/2021 3:25 PM 13.42 0.49 0.00001 0.01112 


2/17/2021 3:26 PM 76.30 0.49 0.00003 0.06319 


2/17/2021 3:27 PM 23.58 0.49 0.00001 0.01953 


2/17/2021 3:28 PM 12.37 0.49 0.00001 0.01024 


2/17/2021 3:29 PM 73.26 0.49 0.00003 0.06066 


2/17/2021 3:30 PM 10.17 0.49 0.00000 0.00842 


2/17/2021 3:31 PM 4.38 0.49 0.00000 0.00363 


2/17/2021 3:32 PM 65.96 0.49 0.00003 0.05462 


2/17/2021 3:33 PM 86.72 0.49 0.00004 0.07181 


2/17/2021 3:34 PM 28.53 0.49 0.00001 0.02363 


2/17/2021 3:35 PM 3.77 0.49 0.00000 0.00312 


2/17/2021 3:36 PM 37.26 0.49 0.00002 0.03086 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 3:37 PM 3.99 0.49 0.00000 0.00330 


2/17/2021 3:38 PM 125.51 0.49 0.00005 0.10394 


2/17/2021 3:39 PM 116.91 0.49 0.00005 0.09681 


2/17/2021 3:40 PM 26.55 0.49 0.00001 0.02199 


2/17/2021 3:41 PM 69.63 0.49 0.00003 0.05766 


2/17/2021 3:42 PM 2.44 0.49 0.00000 0.00202 


2/17/2021 3:43 PM 22.08 0.49 0.00001 0.01828 


2/17/2021 3:44 PM 111.07 0.49 0.00005 0.09198 


2/17/2021 3:45 PM 54.67 0.49 0.00002 0.04528 


2/17/2021 3:46 PM 2.36 0.49 0.00000 0.00195 


2/17/2021 3:47 PM 66.95 0.49 0.00003 0.05545 


2/17/2021 3:48 PM 82.00 0.49 0.00003 0.06790 


2/17/2021 3:49 PM 2.49 0.49 0.00000 0.00206 


2/17/2021 3:50 PM 10.76 0.49 0.00000 0.00891 


2/17/2021 3:51 PM 56.18 0.49 0.00002 0.04652 


2/17/2021 3:52 PM 119.30 0.49 0.00005 0.09880 


2/17/2021 3:57 PM 29.87 0.49 0.00001 0.02474 


2/17/2021 3:58 PM 121.33 0.49 0.00005 0.10047 


2/17/2021 3:59 PM 10.94 0.49 0.00000 0.00906 


2/17/2021 4:00 PM 50.62 0.49 0.00002 0.04192 


2/17/2021 4:01 PM 78.99 0.49 0.00003 0.06541 


2/17/2021 4:02 PM 17.99 0.49 0.00001 0.01490 


2/17/2021 4:03 PM 34.84 0.49 0.00001 0.02886 


2/17/2021 4:04 PM 104.40 0.49 0.00004 0.08646 


2/17/2021 4:05 PM 38.26 0.49 0.00002 0.03168 


2/17/2021 4:06 PM 46.71 0.49 0.00002 0.03868 


2/17/2021 4:07 PM 28.13 0.49 0.00001 0.02329 


2/17/2021 4:08 PM 35.29 0.49 0.00001 0.02922 


2/17/2021 4:09 PM 0.65 0.49 0.00000 0.00054 


2/17/2021 4:10 PM 98.97 0.49 0.00004 0.08195 


2/17/2021 4:11 PM 168.51 0.49 0.00007 0.13955 


2/17/2021 4:12 PM 7.83 0.49 0.00000 0.00649 


2/17/2021 4:17 PM 9.08 0.49 0.00000 0.00752 


2/17/2021 4:18 PM 1.45 0.49 0.00000 0.00120 


2/17/2021 4:19 PM 62.85 0.49 0.00003 0.05205 







High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


2/17/2021 4:20 PM 106.67 0.49 0.00004 0.08833 


2/17/2021 4:21 PM 20.41 0.49 0.00001 0.01690 


2/17/2021 4:22 PM 87.83 0.49 0.00004 0.07273 


2/17/2021 4:23 PM 71.13 0.49 0.00003 0.05890 


2/17/2021 4:24 PM 37.67 0.49 0.00002 0.03119 


2/17/2021 4:25 PM 109.69 0.49 0.00005 0.09083 


2/17/2021 4:26 PM 85.03 0.49 0.00004 0.07041 


2/17/2021 4:30 PM 12.87 0.49 0.00001 0.01066 


2/17/2021 4:31 PM 215.70 0.49 0.00009 0.17863 


2/17/2021 4:32 PM 5.15 0.49 0.00000 0.00426 


2/17/2021 4:33 PM 53.16 0.49 0.00002 0.04402 


2/17/2021 4:34 PM 130.46 0.49 0.00005 0.10803 


2/17/2021 4:35 PM 1.70 0.49 0.00000 0.00141 


2/17/2021 4:36 PM 100.43 0.49 0.00004 0.08317 


2/17/2021 4:37 PM 133.20 0.49 0.00006 0.11030 


2/17/2021 4:38 PM 25.94 0.49 0.00001 0.02148 


2/17/2021 4:39 PM 26.08 0.49 0.00001 0.02159 


2/17/2021 4:40 PM 99.57 0.49 0.00004 0.08245 


2/17/2021 4:41 PM 1.72 0.49 0.00000 0.00142 


2/17/2021 4:42 PM 78.83 0.49 0.00003 0.06528 


2/17/2021 4:43 PM 70.54 0.49 0.00003 0.05841 


2/17/2021 4:44 PM 28.91 0.49 0.00001 0.02394 


2/17/2021 4:45 PM 155.98 0.49 0.00006 0.12917 


2/17/2021 4:46 PM 87.29 0.49 0.00004 0.07229 


2/17/2021 4:47 PM 30.69 0.49 0.00001 0.02541 


2/18/2021 10:09 AM 0.03 0.30 0.00000 0.00001 


2/18/2021 10:10 AM 0.08 0.30 0.00000 0.00004 
 
 
 
 
 
 


    


 
 
 







Low Pressure Flare (SN-823) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data PI Lab Calculation Calculation 


2/14/2021 2:30 PM 179.99 2.63 0.00040 0.80002 


2/14/2021 2:31 PM 859.76 2.63 0.00191 3.82138 


2/15/2021 2:09 AM 256.41 2.63 0.00057 1.13966 


2/15/2021 2:10 AM 467.58 2.63 0.00104 2.07827 


2/15/2021 2:11 AM 737.79 2.63 0.00164 3.27924 


2/15/2021 2:12 AM 640.25 2.63 0.00142 2.84573 


2/15/2021 2:13 AM 485.68 2.63 0.00108 2.15868 


2/15/2021 2:14 AM 443.93 2.63 0.00099 1.97315 


2/15/2021 2:15 AM 359.01 2.63 0.00080 1.59570 


2/15/2021 2:16 AM 314.13 2.63 0.00070 1.39621 


2/15/2021 2:17 AM 248.32 2.63 0.00055 1.10370 


2/15/2021 2:18 AM 452.55 2.63 0.00100 2.01146 


2/15/2021 2:19 AM 479.68 2.63 0.00106 2.13204 


2/15/2021 2:20 AM 413.42 2.63 0.00092 1.83753 


2/15/2021 2:21 AM 326.48 2.63 0.00072 1.45112 


2/15/2021 2:22 AM 268.69 2.63 0.00060 1.19424 


2/15/2021 2:23 AM 322.99 2.63 0.00072 1.43561 


2/15/2021 2:24 AM 314.82 2.63 0.00070 1.39927 


2/15/2021 2:25 AM 325.59 2.63 0.00072 1.44714 


2/15/2021 2:26 AM 301.46 2.63 0.00067 1.33990 


2/15/2021 2:27 AM 277.85 2.63 0.00062 1.23497 


2/15/2021 2:28 AM 248.50 2.63 0.00055 1.10453 


2/15/2021 2:29 AM 344.50 2.63 0.00076 1.53119 


2/15/2021 2:30 AM 376.90 2.63 0.00084 1.67521 


2/15/2021 2:31 AM 367.58 2.63 0.00082 1.63377 


2/15/2021 2:32 AM 368.43 2.63 0.00082 1.63757 


2/15/2021 2:33 AM 341.29 2.63 0.00076 1.51695 


2/15/2021 2:34 AM 362.71 2.63 0.00081 1.61212 


2/15/2021 2:35 AM 332.92 2.63 0.00074 1.47975 


2/15/2021 2:36 AM 388.65 2.63 0.00086 1.72742 


2/15/2021 2:37 AM 382.89 2.63 0.00085 1.70184 


2/15/2021 2:38 AM 281.70 2.63 0.00063 1.25205 


2/15/2021 2:39 AM 311.13 2.63 0.00069 1.38287 


2/15/2021 2:40 AM 307.94 2.63 0.00068 1.36869 


2/15/2021 2:41 AM 249.25 2.63 0.00055 1.10785 







2/15/2021 2:42 AM 291.99 2.63 0.00065 1.29782 


2/15/2021 2:43 AM 328.66 2.63 0.00073 1.46080 


2/15/2021 2:44 AM 377.57 2.63 0.00084 1.67817 


2/15/2021 2:45 AM 316.58 2.63 0.00070 1.40710 


2/15/2021 2:46 AM 247.19 2.63 0.00055 1.09870 


2/15/2021 2:47 AM 287.03 2.63 0.00064 1.27576 


2/15/2021 2:48 AM 489.96 2.63 0.00109 2.17775 


2/15/2021 2:49 AM 347.43 2.63 0.00077 1.54422 


2/15/2021 2:50 AM 356.94 2.63 0.00079 1.58647 


2/15/2021 2:51 AM 258.73 2.63 0.00057 1.15000 


2/15/2021 2:52 AM 263.85 2.63 0.00059 1.17276 


2/15/2021 2:53 AM 267.46 2.63 0.00059 1.18880 


2/15/2021 2:54 AM 460.66 2.63 0.00102 2.04750 


2/15/2021 2:55 AM 529.95 2.63 0.00118 2.35546 


2/15/2021 2:56 AM 402.17 2.63 0.00089 1.78752 


2/15/2021 2:57 AM 472.68 2.63 0.00105 2.10092 


2/15/2021 2:58 AM 365.14 2.63 0.00081 1.62292 


2/15/2021 2:59 AM 282.89 2.63 0.00063 1.25737 


2/15/2021 3:00 AM 307.67 2.63 0.00068 1.36752 


2/15/2021 3:01 AM 326.63 2.63 0.00073 1.45179 


2/15/2021 3:02 AM 389.45 2.63 0.00086 1.73097 


2/15/2021 3:03 AM 364.53 2.63 0.00081 1.62023 


2/15/2021 3:04 AM 363.21 2.63 0.00081 1.61434 


2/15/2021 3:05 AM 309.96 2.63 0.00069 1.37767 


2/15/2021 3:06 AM 260.58 2.63 0.00058 1.15821 


2/15/2021 3:07 AM 301.59 2.63 0.00067 1.34049 


2/15/2021 3:08 AM 300.21 2.63 0.00067 1.33434 


2/15/2021 3:09 AM 367.27 2.63 0.00082 1.63238 


2/15/2021 3:10 AM 425.27 2.63 0.00094 1.89018 


2/15/2021 3:11 AM 359.74 2.63 0.00080 1.59896 


2/15/2021 3:12 AM 302.26 2.63 0.00067 1.34346 


2/15/2021 3:13 AM 303.06 2.63 0.00067 1.34701 


2/15/2021 3:14 AM 367.42 2.63 0.00082 1.63309 


2/15/2021 3:15 AM 302.97 2.63 0.00067 1.34661 


2/15/2021 3:16 AM 308.90 2.63 0.00069 1.37299 


2/15/2021 3:17 AM 264.39 2.63 0.00059 1.17515 


2/15/2021 3:18 AM 250.97 2.63 0.00056 1.11550 


2/15/2021 3:19 AM 302.86 2.63 0.00067 1.34612 


2/15/2021 3:20 AM 351.71 2.63 0.00078 1.56324 


2/15/2021 3:21 AM 362.67 2.63 0.00081 1.61195 







2/15/2021 3:22 AM 226.72 2.63 0.00050 1.00770 


2/15/2021 3:23 AM 302.92 2.63 0.00067 1.34637 


2/15/2021 3:24 AM 282.78 2.63 0.00063 1.25689 


2/15/2021 3:25 AM 260.82 2.63 0.00058 1.15926 


2/15/2021 3:26 AM 230.80 2.63 0.00051 1.02585 


2/15/2021 3:27 AM 349.02 2.63 0.00077 1.55128 


2/15/2021 3:28 AM 415.97 2.63 0.00092 1.84885 


2/15/2021 3:29 AM 297.60 2.63 0.00066 1.32273 


2/15/2021 3:30 AM 243.95 2.63 0.00054 1.08427 


2/15/2021 3:31 AM 362.85 2.63 0.00081 1.61275 


2/15/2021 3:32 AM 354.89 2.63 0.00079 1.57739 


2/15/2021 3:33 AM 378.77 2.63 0.00084 1.68352 


2/15/2021 3:34 AM 382.48 2.63 0.00085 1.69999 


2/15/2021 3:35 AM 377.62 2.63 0.00084 1.67840 


2/15/2021 3:36 AM 415.92 2.63 0.00092 1.84866 


2/15/2021 3:37 AM 251.16 2.63 0.00056 1.11631 


2/15/2021 3:38 AM 274.48 2.63 0.00061 1.21999 


2/15/2021 3:39 AM 286.29 2.63 0.00064 1.27247 


2/15/2021 3:40 AM 281.94 2.63 0.00063 1.25314 


2/15/2021 3:41 AM 272.26 2.63 0.00060 1.21013 


2/15/2021 3:42 AM 237.13 2.63 0.00053 1.05398 


2/15/2021 3:43 AM 337.13 2.63 0.00075 1.49844 


2/15/2021 3:44 AM 279.10 2.63 0.00062 1.24050 


2/15/2021 3:45 AM 292.93 2.63 0.00065 1.30198 


2/15/2021 3:46 AM 313.46 2.63 0.00070 1.39323 


2/15/2021 3:47 AM 290.33 2.63 0.00064 1.29044 


2/15/2021 3:48 AM 234.46 2.63 0.00052 1.04211 


2/15/2021 3:49 AM 227.18 2.63 0.00050 1.00975 


2/15/2021 3:50 AM 229.58 2.63 0.00051 1.02040 


2/15/2021 3:51 AM 244.61 2.63 0.00054 1.08720 


2/15/2021 3:52 AM 225.61 2.63 0.00050 1.00279 


2/15/2021 3:53 AM 241.94 2.63 0.00054 1.07536 


2/15/2021 3:54 AM 266.70 2.63 0.00059 1.18540 


2/15/2021 3:55 AM 203.43 2.63 0.00045 0.90417 


2/15/2021 3:56 AM 228.37 2.63 0.00051 1.01505 


2/15/2021 3:57 AM 368.65 2.63 0.00082 1.63855 


2/15/2021 3:58 AM 279.35 2.63 0.00062 1.24165 


2/15/2021 3:59 AM 163.27 2.63 0.00036 0.72571 


2/15/2021 4:00 AM 382.48 2.63 0.00085 1.70002 


2/15/2021 4:01 AM 282.29 2.63 0.00063 1.25468 







2/15/2021 4:02 AM 137.93 2.63 0.00031 0.61306 


2/15/2021 4:03 AM 0.05 2.63 0.00000 0.00023 


2/15/2021 10:26 AM 1.82 0.09 0.00000 0.00029 


2/15/2021 10:27 AM 10.09 0.09 0.00000 0.00159 


2/15/2021 10:28 AM 1.93 0.09 0.00000 0.00030 


2/15/2021 10:29 AM 20.67 0.09 0.00000 0.00326 


2/15/2021 10:30 AM 41.75 0.09 0.00000 0.00659 


2/15/2021 10:31 AM 15.65 0.09 0.00000 0.00247 


2/15/2021 10:32 AM 28.24 0.09 0.00000 0.00446 


2/15/2021 10:33 AM 19.90 0.09 0.00000 0.00314 


2/15/2021 10:34 AM 19.86 0.09 0.00000 0.00314 


2/15/2021 10:35 AM 24.90 0.09 0.00000 0.00393 


2/15/2021 10:36 AM 32.48 0.09 0.00000 0.00513 


2/15/2021 10:37 AM 95.98 0.09 0.00001 0.01515 


2/15/2021 10:38 AM 108.34 0.09 0.00001 0.01710 


2/15/2021 10:39 AM 37.74 0.09 0.00000 0.00596 


2/15/2021 10:40 AM 70.46 0.09 0.00001 0.01112 


2/15/2021 10:41 AM 91.31 0.09 0.00001 0.01441 


2/15/2021 10:42 AM 43.33 0.09 0.00000 0.00684 


2/15/2021 10:43 AM 51.22 0.09 0.00000 0.00809 


2/15/2021 10:44 AM 79.89 0.09 0.00001 0.01261 


2/15/2021 10:45 AM 65.69 0.09 0.00001 0.01037 


2/15/2021 10:46 AM 40.74 0.09 0.00000 0.00643 


2/15/2021 10:47 AM 43.04 0.09 0.00000 0.00679 


2/15/2021 10:48 AM 69.36 0.09 0.00001 0.01095 


2/15/2021 10:49 AM 27.48 0.09 0.00000 0.00434 


2/15/2021 10:50 AM 58.34 0.09 0.00000 0.00921 


2/15/2021 10:51 AM 73.07 0.09 0.00001 0.01153 


2/15/2021 10:52 AM 48.81 0.09 0.00000 0.00770 


2/15/2021 10:53 AM 59.03 0.09 0.00000 0.00932 


2/15/2021 10:54 AM 84.45 0.09 0.00001 0.01333 


2/15/2021 10:55 AM 180.23 0.09 0.00001 0.02845 


2/15/2021 10:56 AM 108.90 0.09 0.00001 0.01719 


2/15/2021 10:57 AM 94.45 0.09 0.00001 0.01491 


2/15/2021 10:58 AM 108.04 0.09 0.00001 0.01705 


2/15/2021 10:59 AM 139.89 0.09 0.00001 0.02208 


2/15/2021 11:00 AM 177.28 0.09 0.00001 0.02798 


2/15/2021 11:01 AM 129.72 0.09 0.00001 0.02048 


2/15/2021 11:02 AM 3.42 0.09 0.00000 0.00054 


2/15/2021 11:03 AM 1.17 0.09 0.00000 0.00018 







2/15/2021 11:04 AM 7.46 0.09 0.00000 0.00118 


2/15/2021 11:21 AM 3.03 0.09 0.00000 0.00048 


2/15/2021 11:22 AM 137.19 0.09 0.00001 0.02166 


2/15/2021 11:23 AM 8.92 0.09 0.00000 0.00141 


2/15/2021 12:37 PM 5.19 0.52 0.00000 0.00456 


2/15/2021 12:38 PM 2.42 0.52 0.00000 0.00213 


2/15/2021 12:39 PM 1.79 0.52 0.00000 0.00157 


2/15/2021 12:49 PM 3.92 0.52 0.00000 0.00344 


2/15/2021 12:50 PM 20.65 0.52 0.00001 0.01813 


2/15/2021 12:51 PM 5.59 0.52 0.00000 0.00491 


2/15/2021 12:52 PM 1.58 0.52 0.00000 0.00138 


2/15/2021 12:54 PM 6.86 0.52 0.00000 0.00602 


2/15/2021 12:55 PM 0.24 0.52 0.00000 0.00021 


2/15/2021 12:58 PM 10.28 0.52 0.00000 0.00902 


2/16/2021 11:05 AM 421.83 11.10 0.00395 7.91312 


2/16/2021 11:06 AM 87.30 11.10 0.00082 1.63768 


2/16/2021 11:54 AM 1.13 11.10 0.00001 0.02117 


2/16/2021 11:55 AM 38.66 11.10 0.00036 0.72523 


2/16/2021 11:56 AM 17.77 11.10 0.00017 0.33332 


2/16/2021 11:57 AM 12.18 11.10 0.00011 0.22854 


2/18/2021 7:51 AM 2.83 4.00 0.00001 0.01911 


2/18/2021 7:52 AM 200.18 4.00 0.00068 1.35324 


2/18/2021 7:53 AM 155.40 4.00 0.00052 1.05047 


2/18/2021 7:54 AM 113.15 4.00 0.00038 0.76488 


2/18/2021 7:55 AM 92.53 4.00 0.00031 0.62549 


2/18/2021 7:56 AM 90.23 4.00 0.00030 0.60997 


2/18/2021 7:57 AM 40.50 4.00 0.00014 0.27379 


2/18/2021 7:58 AM 59.66 4.00 0.00020 0.40327 


2/18/2021 7:59 AM 51.92 4.00 0.00018 0.35101 


2/18/2021 8:00 AM 52.18 4.00 0.00018 0.35272 


2/18/2021 8:01 AM 45.22 4.00 0.00015 0.30568 


2/18/2021 8:02 AM 74.57 4.00 0.00025 0.50406 


2/18/2021 8:03 AM 39.18 4.00 0.00013 0.26487 


2/18/2021 8:04 AM 86.10 4.00 0.00029 0.58206 


2/18/2021 8:05 AM 100.12 4.00 0.00034 0.67680 


2/18/2021 8:06 AM 70.60 4.00 0.00024 0.47724 


2/18/2021 8:07 AM 43.95 4.00 0.00015 0.29709 


2/18/2021 8:08 AM 22.62 4.00 0.00008 0.15290 


2/18/2021 8:09 AM 48.57 4.00 0.00016 0.32830 


2/18/2021 8:10 AM 47.37 4.00 0.00016 0.32022 







2/18/2021 8:11 AM 16.72 4.00 0.00006 0.11301 


2/18/2021 8:12 AM 55.22 4.00 0.00019 0.37329 


2/18/2021 8:13 AM 63.75 4.00 0.00022 0.43096 


2/18/2021 8:14 AM 75.75 4.00 0.00026 0.51210 


2/18/2021 8:15 AM 55.06 4.00 0.00019 0.37220 


2/18/2021 8:16 AM 42.71 4.00 0.00014 0.28874 


2/18/2021 8:17 AM 20.46 4.00 0.00007 0.13833 


2/18/2021 8:18 AM 25.87 4.00 0.00009 0.17488 


2/18/2021 8:19 AM 45.08 4.00 0.00015 0.30477 


2/18/2021 8:20 AM 41.65 4.00 0.00014 0.28155 


2/18/2021 8:21 AM 37.10 4.00 0.00013 0.25077 


2/18/2021 8:22 AM 39.32 4.00 0.00013 0.26584 


2/18/2021 8:23 AM 24.60 4.00 0.00008 0.16630 


2/18/2021 8:24 AM 17.86 4.00 0.00006 0.12070 


2/18/2021 8:25 AM 37.90 4.00 0.00013 0.25617 


2/18/2021 8:26 AM 47.61 4.00 0.00016 0.32186 


2/18/2021 8:27 AM 32.19 4.00 0.00011 0.21763 


2/18/2021 8:28 AM 27.41 4.00 0.00009 0.18528 


2/18/2021 8:29 AM 37.25 4.00 0.00013 0.25179 


2/18/2021 8:30 AM 44.28 4.00 0.00015 0.29933 


2/18/2021 8:31 AM 62.90 4.00 0.00021 0.42518 


2/18/2021 8:32 AM 35.04 4.00 0.00012 0.23690 


2/18/2021 8:33 AM 30.30 4.00 0.00010 0.20485 


2/18/2021 8:34 AM 41.49 4.00 0.00014 0.28044 


2/18/2021 8:35 AM 26.20 4.00 0.00009 0.17709 


2/18/2021 8:36 AM 38.71 4.00 0.00013 0.26165 


2/18/2021 8:37 AM 7.05 4.00 0.00002 0.04764 


2/18/2021 8:38 AM 29.88 4.00 0.00010 0.20201 


2/18/2021 8:39 AM 51.10 4.00 0.00017 0.34541 


2/18/2021 8:40 AM 40.35 4.00 0.00014 0.27275 


2/18/2021 8:41 AM 48.61 4.00 0.00016 0.32861 


2/18/2021 8:42 AM 40.22 4.00 0.00014 0.27191 


2/18/2021 8:43 AM 44.64 4.00 0.00015 0.30178 


2/18/2021 8:44 AM 60.34 4.00 0.00020 0.40791 


2/18/2021 8:45 AM 22.12 4.00 0.00007 0.14951 


2/18/2021 8:46 AM 20.85 4.00 0.00007 0.14097 


2/18/2021 8:47 AM 25.81 4.00 0.00009 0.17451 


2/18/2021 8:48 AM 31.66 4.00 0.00011 0.21401 


2/18/2021 8:49 AM 30.65 4.00 0.00010 0.20718 


2/18/2021 8:50 AM 14.25 4.00 0.00005 0.09636 







2/18/2021 8:51 AM 18.82 4.00 0.00006 0.12723 


2/18/2021 8:52 AM 44.09 4.00 0.00015 0.29808 


2/18/2021 8:53 AM 25.36 4.00 0.00009 0.17144 


2/18/2021 8:54 AM 24.02 4.00 0.00008 0.16239 


2/18/2021 8:55 AM 7.53 4.00 0.00003 0.05088 


2/18/2021 8:56 AM 33.58 4.00 0.00011 0.22699 


2/18/2021 8:57 AM 60.84 4.00 0.00021 0.41129 


2/18/2021 8:58 AM 41.04 4.00 0.00014 0.27744 


2/18/2021 8:59 AM 24.66 4.00 0.00008 0.16668 


2/18/2021 9:00 AM 32.66 2.63 0.00007 0.14515 


2/18/2021 9:01 AM 32.24 2.63 0.00007 0.14331 


2/18/2021 9:02 AM 30.94 2.63 0.00007 0.13750 


2/18/2021 9:03 AM 24.40 2.63 0.00005 0.10844 


2/18/2021 9:04 AM 30.21 2.63 0.00007 0.13427 


2/18/2021 9:05 AM 39.74 2.63 0.00009 0.17661 


2/18/2021 9:06 AM 58.18 2.63 0.00013 0.25859 


2/18/2021 9:07 AM 28.89 2.63 0.00006 0.12840 


2/18/2021 9:08 AM 10.47 2.63 0.00002 0.04655 


2/18/2021 9:09 AM 10.12 2.63 0.00002 0.04499 


2/18/2021 9:10 AM 14.03 2.63 0.00003 0.06238 


2/18/2021 9:11 AM 13.11 2.63 0.00003 0.05828 


2/18/2021 9:12 AM 36.22 2.63 0.00008 0.16098 


2/18/2021 9:13 AM 55.02 2.63 0.00012 0.24455 


2/18/2021 9:14 AM 40.57 2.63 0.00009 0.18031 


2/18/2021 9:15 AM 36.32 2.63 0.00008 0.16142 


2/18/2021 9:16 AM 58.49 2.63 0.00013 0.25998 


2/18/2021 9:17 AM 34.09 2.63 0.00008 0.15151 


2/18/2021 9:18 AM 32.74 2.63 0.00007 0.14552 


2/18/2021 9:19 AM 18.55 2.63 0.00004 0.08244 


2/18/2021 9:20 AM 5.29 2.63 0.00001 0.02350 


2/18/2021 9:21 AM 13.16 2.63 0.00003 0.05848 


2/18/2021 9:22 AM 28.50 2.63 0.00006 0.12666 


2/18/2021 9:23 AM 16.21 2.63 0.00004 0.07203 


2/18/2021 9:24 AM 13.84 2.63 0.00003 0.06153 


2/18/2021 9:25 AM 10.97 2.63 0.00002 0.04874 


2/18/2021 9:26 AM 18.29 2.63 0.00004 0.08129 


2/18/2021 9:27 AM 29.03 2.63 0.00006 0.12905 


2/18/2021 9:28 AM 28.61 2.63 0.00006 0.12716 


2/18/2021 9:29 AM 37.13 2.63 0.00008 0.16504 


2/18/2021 9:30 AM 25.64 2.63 0.00006 0.11395 







2/18/2021 9:31 AM 30.45 2.63 0.00007 0.13533 


2/18/2021 9:32 AM 27.84 2.63 0.00006 0.12375 


2/18/2021 9:33 AM 20.88 2.63 0.00005 0.09279 


2/18/2021 9:34 AM 17.72 2.63 0.00004 0.07875 


2/18/2021 9:35 AM 12.90 2.63 0.00003 0.05735 


2/18/2021 9:36 AM 19.76 2.63 0.00004 0.08784 


2/18/2021 9:37 AM 36.73 2.63 0.00008 0.16327 


2/18/2021 9:38 AM 15.84 2.63 0.00004 0.07042 


2/18/2021 9:39 AM 11.74 2.63 0.00003 0.05219 


2/18/2021 9:40 AM 39.70 2.63 0.00009 0.17644 


2/18/2021 9:41 AM 18.45 2.63 0.00004 0.08200 


2/18/2021 9:42 AM 31.60 2.63 0.00007 0.14045 


2/18/2021 9:43 AM 21.47 2.63 0.00005 0.09543 


2/18/2021 9:44 AM 47.45 2.63 0.00011 0.21088 


2/18/2021 9:45 AM 30.90 2.63 0.00007 0.13735 


2/18/2021 9:46 AM 27.50 2.63 0.00006 0.12224 


2/18/2021 9:47 AM 28.96 2.63 0.00006 0.12873 


2/18/2021 9:48 AM 44.05 2.63 0.00010 0.19581 


2/18/2021 9:49 AM 9.68 2.63 0.00002 0.04305 


2/18/2021 9:50 AM 25.52 2.63 0.00006 0.11341 


2/18/2021 9:51 AM 25.75 2.63 0.00006 0.11445 


2/18/2021 9:52 AM 17.32 2.63 0.00004 0.07697 


2/18/2021 9:53 AM 20.72 2.63 0.00005 0.09211 


2/18/2021 9:54 AM 42.21 2.63 0.00009 0.18763 


2/18/2021 9:55 AM 40.47 2.63 0.00009 0.17988 


2/18/2021 9:56 AM 10.38 2.63 0.00002 0.04612 


2/18/2021 9:57 AM 15.69 2.63 0.00003 0.06975 


2/18/2021 9:58 AM 11.33 2.63 0.00003 0.05036 


2/18/2021 9:59 AM 23.17 2.63 0.00005 0.10297 


2/18/2021 10:00 AM 18.26 6.80 0.00010 0.20981 


2/18/2021 10:01 AM 43.52 6.80 0.00025 0.50010 


2/18/2021 10:02 AM 45.48 6.80 0.00026 0.52267 


2/18/2021 10:03 AM 13.33 6.80 0.00008 0.15315 


2/18/2021 10:04 AM 9.89 6.80 0.00006 0.11362 


2/18/2021 10:05 AM 25.94 6.80 0.00015 0.29816 


2/18/2021 10:06 AM 43.56 6.80 0.00025 0.50058 


2/18/2021 10:07 AM 33.92 6.80 0.00019 0.38979 


2/18/2021 10:08 AM 48.58 6.80 0.00028 0.55829 


2/18/2021 10:09 AM 54.70 6.80 0.00031 0.62856 


2/18/2021 10:10 AM 29.82 6.80 0.00017 0.34272 







 


 


2/18/2021 10:11 AM 11.28 6.80 0.00006 0.12967 


2/18/2021 10:12 AM 7.59 6.80 0.00004 0.08721 


2/18/2021 10:13 AM 39.78 6.80 0.00023 0.45719 


2/18/2021 10:14 AM 37.73 6.80 0.00022 0.43361 


2/18/2021 10:15 AM 19.80 6.80 0.00011 0.22755 


2/18/2021 10:16 AM 47.46 6.80 0.00027 0.54535 


2/18/2021 10:17 AM 52.65 6.80 0.00030 0.60505 


2/18/2021 10:18 AM 37.14 6.80 0.00021 0.42682 


2/18/2021 10:19 AM 30.59 6.80 0.00018 0.35152 


2/18/2021 10:20 AM 15.58 6.80 0.00009 0.17901 


2/18/2021 10:21 AM 30.51 6.80 0.00018 0.35066 


2/18/2021 10:22 AM 28.70 6.80 0.00016 0.32981 


2/18/2021 10:23 AM 26.56 6.80 0.00015 0.30528 


2/18/2021 10:24 AM 32.99 6.80 0.00019 0.37910 


2/18/2021 10:25 AM 43.45 6.80 0.00025 0.49932 


2/18/2021 10:26 AM 30.55 6.80 0.00018 0.35110 


2/18/2021 10:27 AM 21.22 6.80 0.00012 0.24385 


2/18/2021 10:28 AM 16.06 6.80 0.00009 0.18453 


2/18/2021 10:29 AM 28.00 6.80 0.00016 0.32178 


2/18/2021 10:30 AM 38.35 6.80 0.00022 0.44071 


2/18/2021 10:31 AM 19.39 6.80 0.00011 0.22279 


2/18/2021 10:32 AM 44.93 6.80 0.00026 0.51639 


2/18/2021 10:33 AM 42.77 6.80 0.00025 0.49146 


2/18/2021 10:34 AM 18.09 6.80 0.00010 0.20789 


2/18/2021 10:35 AM 17.29 6.80 0.00010 0.19868 


2/18/2021 10:36 AM 4.82 6.80 0.00003 0.05538 


2/18/2021 10:37 AM 7.93 6.80 0.00005 0.09112 


2/18/2021 10:38 AM 16.51 6.80 0.00009 0.18979 


2/18/2021 10:39 AM 55.60 6.80 0.00032 0.63900 


2/18/2021 10:40 AM 36.61 6.80 0.00021 0.42073 


2/18/2021 10:41 AM 32.65 6.80 0.00019 0.37521 


2/18/2021 10:42 AM 71.66 6.80 0.00041 0.82354 


2/18/2021 10:43 AM 52.16 6.80 0.00030 0.59943 


2/18/2021 10:44 AM 69.64 6.80 0.00040 0.80035 


2/18/2021 10:45 AM 11.44 6.80 0.00007 0.13146 
















 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(June 5, 2020)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on June 5, 2020, at approximately 0500 hours and 
lasted until approximately 0700 hours on June 6, 2020. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.86 tons (~ 1,714.8 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of twenty-two (22) hours.  Four (4) Tail Gas 







 


Incidents occurred in a rolling 12-month period prior to the Tail Gas Incident on June 
5, 2020. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has completed the implementation of the 
corrective actions identified in the Root Cause Analysis as described in Appendix 
B. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident (June 5, 2020)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US - El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  Tail Gas  


Incident Start 
Date: 


June 5, 2020 Time: ~ 0500 hours 


Incident End 
Date: 


June 6, 2020 Time:  ~ 0700 hours 


Investigation 
Start Date: 


June 6, 2020 
Incident 
Duration: 


1,560 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: 1,714.8 tons: 0.86 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


6/5-6/2020 0500 - 0700 hours 1,560  
SRU Incinerator Stack 


(SN-844) 
 


Investigation Team Members: Title: 
1. Chris Thomas Area Supervisor 
2. Erin Reed Process Engineer 
3. Sid Krishnan Technical Manager 


 
Investigation & Analysis: 
 
On June 5, 2020, at approximately 0500 hours the El Dorado Refinery (EDR) experienced a Tail 
Gas incident that lasted until approximately 0700 hours on June 6, 2020.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU)/Shell Claus Off-
Gas Treating (SCOT) Unit. A trip occurred when the flame scanners failed to detect a flame; 
therefore, the furnace shutdown by design of the safety system.  The loss of flame occurred due to 
a process pressure event.  There was a sudden drop in the acid gas feed to the SRU resulting in a 
corresponding decrease in the air rate to the operating unit. Since the unit ultimately vents to the 
atmosphere through the SRU Incinerator, any changes in flow will result in corresponding 
vicissitudes in pressure as the reverse is also true.  The sudden drop in acid gas feed to the SRU 
was related to the dramatic pressure decrease in the SCOT Mixing Chamber.  Disturbances at the 
SRU and incinerator due to the focused removal of a sulfur plug (aimed to reducing the SCOT 
furnace pressure) within the unit that started earlier that same week contributed to this dramatic 
pressure decrease. 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (June 5, 2020) 
Investigation and Root Cause 
 
 
Root Cause: 
    
At the time of this incident there was a proactive effort being performed to relieve a blockage on 
the SCOT tail gas line to the SRU Incinerator.  During this process internal debris released  
dropping the pressure rapidly; consequently, causing flame destabilization in the SCOT Mixing 
Chamber leading to the flame scanner  emergency shutdown trip. 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Evaluate options to reroute 
contactor tail gas stream to a 
thermal oxidizer or scrubber 
system 


Erin Reed 
Chris Thomas 


Process Engineer 
Area Supervisor 6/10/20 7/10/20 


Evaluate options to reroute the 
sulfur pit vent gas to a thermal 
oxidizer or scrubber system 


Erin Reed 
Chris Thomas 


Process Engineer 
Area Supervisor 6/10/20 7/10/20 


Plan and execute scope repairs 
on tail gas line to the 
incinerator during next 
scheduled outage   


Chris Thomas Area Supervisor 6/10/20 


Currently 
being 


planned with 
execution 


during next 
scheduled 
unit outage 


which is 
currently 


anticipated 
during 


1Q2021*  
 
*Note:  Updates regarding this specific corrective action item will be provided in forthcoming 


Consent Decree Semi-Annual Progress Reports provided by the EDR. 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(June 5, 2020) 


Emissions Quantity 
 


 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 


PPM (dry, 
@ % O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 


6/5/2020 5:00 2,267.86 314.40 127.82 380,280.05 2.52 1995.54 3.64 
6/5/2020 6:00 2,324.88 495.91 127.90 381,602.23 2.86 2006.97 13.69 
6/5/2020 7:00 2,298.53 675.81 128.75 381,261.93 2.70 2002.75 23.90 
6/5/2020 8:00 2,282.28 855.14 129.29 384,819.76 2.65 1993.30 34.36 
6/5/2020 9:00 2,283.20 1,034.81 130.24 385,998.84 2.58 2001.70 44.87 
6/5/2020 10:00 2,258.38 1,213.29 131.50 391,360.68 2.47 1992.42 56.19 
6/5/2020 11:00 2,274.45 1,393.41 134.62 396,689.95 2.42 2011.50 67.77 
6/5/2020 12:00 2,374.88 1,582.87 135.85 387,715.34 2.61 2078.46 76.41 
6/5/2020 13:00 2,396.40 1,774.86 136.56 388,838.23 2.75 2082.32 87.04 
6/5/2020 14:00 2,371.12 1,964.46 134.43 393,042.25 2.61 2076.17 99.68 
6/5/2020 15:00 2,364.43 2,153.55 138.10 394,586.50 2.56 2075.51 111.39 
6/5/2020 16:00 2,333.18 2,319.13 136.05 394,010.18 2.58 2046.14 120.79 
6/5/2020 17:00 2,232.44 2,316.18 133.00 394,787.74 2.22 1996.09 123.23 
6/5/2020 18:00 2,411.99 2,323.44 134.85 379,992.35 2.51 2122.50 117.14 
6/5/2020 19:00 2,821.72 2,367.04 28.50 353,614.05 2.94 2425.69 108.72 


6/5/2020 20:00 328.65 2,204.24 20.09 351,217.83 3.05 280.76 99.06 


6/5/2020 21:00 169.77 2,028.12 9.68 348,884.01 3.17 144.03 88.91 


6/5/2020 22:00 440.91 1,876.66 27.26 374,439.22 2.06 397.49 92.78 


6/5/2020 23:00 481.36 1,727.24 121.02 377,291.65 2.43 425.56 83.25 


6/6/2020 0:00 230.42 1,548.53 13.90 358,516.68 2.98 197.59 67.44 


6/6/2020 1:00 188.46 1,364.54 10.72 351,314.90 3.37 158.10 55.49 


6/6/2020 2:00 160.38 1,180.31 9.23 346,219.24 3.57 133.05 45.14 


6/6/2020 3:00 149.95 995.77 8.79 350,023.18 3.47 125.11 36.79 


6/6/2020 4:00 147.84 813.66 8.69 349,904.68 3.45 123.51 27.83 


6/6/2020 5:00 138.96 639.20 8.22 351,928.00 3.43 116.22 19.35 


6/6/2020 6:00 150.16 450.71 8.61 350,764.34 3.51 124.99 9.90 
 Tail Gas Total 


Amount of SO2 
lbs 1,714.8 


tons 0.86 
 
















 


 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(June 20-21, 2020)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on June 20, 2020, at approximately 1300 hours and 
lasted until approximately 0900 hours on June 21, 2020. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.41 tons (~ 827.4 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 







 


During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of sixteen (16) hours.  Five (5) Tail Gas Incidents 
occurred in a rolling 12-month period prior to the Tail Gas Incident on June 20, 2020. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has not completed the implementation of 
one of the corrective actions identified in the Root Cause Analysis as described in 
Appendix B.  The completion of this corrective action associated with the Root 
Cause Analysis will be communicated under the Paragraph 21 portion of the EDR 
Semi-Annual Consent Decree Progress Report for the applicable period. 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident (June 20-21, 2020)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US - El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  Tail Gas  


Incident Start 
Date: 


June 20, 2020 Time: ~ 1300 hours 


Incident End 
Date: 


June 21, 2020 Time:  ~ 0900 hours 


Investigation 
Start Date: 


June 21, 2020 
Incident 
Duration: 


960 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: 827.4 tons: 0.41 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


6/20-21/2020 1300 - 0900 hours 960  
SRU Incinerator Stack 


(SN-844) 
 


Investigation Team Members: Title: 
1. Chris Thomas Area Supervisor 
2. Erin Reed Process Engineer 
3. Danny Smeltzer Operations ABT 1 Manager 
4. Allen Woodyard Process Controls Engineer 


 
Investigation & Analysis: 
 
On June 20, 2020, at approximately 1300 hours the El Dorado Refinery (EDR) experienced a Tail 
Gas incident that lasted until approximately 0900 hours on June 21, 2020.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU)/Shell Claus Off-
Gas Treating (SCOT) Unit.  The flame scanners failed to detect a flame; therefore, the furnace 
shutdown by design of the safety system.  The loss of flame transpired due to pressure and air flow 
disturbances between the SRU Furnace and the SCOT Mixing Chamber resulting in flame 
instability.  In addition, Operations discovered debris in the flame scanner tubes resulting in 
blockage.  This debris is suspected to be elemental sulfur from the SCOT tail gas line and refractory 
from the SCOT Mixing Chamber.  Furthermore, EDR consulted with SCOT Unit designer (Ortloff 
Engineers) to evaluate process data from the incident as well as focus on potential sulfur recovery 
efficiencies and solutions.  
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (June 20-21, 2020) 
Investigation and Root Cause 
 
 
 
 
Root Cause: 
    
A pressure and air flow disturbance occurred between the SRU Furnace and the SCOT Mixing 
Chamber which resulted in flame destabilization causing a flame scanner emergency shutdown 
trip as designed.  In addition, flame scanner tubes were discovered to have blockage from 
suspected elemental sulfur from the SCOT tail gas line and refractory from the SCOT Mixing 
Chamber.  
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title Date Started 


Date 
Completed 


Evaluate flushing 
pressure/flow 
transmitter legs and 
control feedback.  


Chris Thomas 
Erin Reed 


Allen Woodyard  


Area Supervisor 
Process Engineer 


Process Controls Engineer 
6/22/20 7/31/20 


Evaluate tuning 
SCOT air control 
valve to the SCOT 
Furnace. 


Chris Thomas 
Erin Reed 


Allen Woodyard  


Area Supervisor 
Process Engineer 


Process Controls Engineer 
6/22/20 7/31/20 


Field operators will 
continue to monitor 
elemental sulfur 
flow from the sulfur 
condenser 4th pass 
to ensure there is a 
steady flow – 
continuous 
dripping.  


Chris Thomas 
Erin Reed 


Allen Woodyard  


Area Supervisor 
Process Engineer 


Process Controls Engineer 
6/22/20 7/31/20 


Plan and execute 
scope repairs on 
SCOT Unit during 


Chris Thomas 
Danny Smeltzer 


TA Group 


Area Supervisor 7/27/20 


Planning 
ongoing with 


execution during 
next scheduled 


unit outage 
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Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (June 20-21, 2020) 
Investigation and Root Cause 
 


next scheduled 
outage 


which is 
currently 


anticipated 
during 1Q2021*  


 
*Note:  Updates regarding this specific corrective action item will be communicated in 


forthcoming Consent Decree Semi-Annual Progress Reports provided by the EDR. 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(June 20-21, 2020) 


Emissions Quantity 
 


 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 


PPM (dry, 
@ % O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 


6/20/2020 13:00 2,407.61 259.26 26.70 349,103.23 2.02 2175.97 0.49 
6/20/2020 14:00 2,342.76 448.77 124.62 351,818.50 2.16 2101.38 10.60 
6/20/2020 15:00 2,366.09 640.70 125.21 350,833.23 2.22 2115.71 20.71 
6/20/2020 16:00 2,346.88 831.11 128.02 358,171.52 2.04 2118.78 31.75 
6/20/2020 17:00 2,272.43 1,015.39 126.58 362,669.60 1.85 2071.75 42.76 
6/20/2020 18:00 2,149.57 1,188.04 115.01 351,520.24 2.04 1940.55 50.30 
6/20/2020 19:00 2,108.84 1,358.56 114.42 355,143.95 1.98 1909.89 60.24 
6/20/2020 20:00 2,171.91 1,534.43 111.04 341,119.92 2.21 1942.30 66.20 
6/20/2020 21:00 2,572.11 1,743.33 29.97 319,829.71 2.56 2257.38 70.82 
6/20/2020 22:00 336.60 1,766.41 18.61 314,851.02 2.69 293.33 70.29 
6/20/2020 23:00 252.93 1,782.55 13.27 313,979.98 2.77 219.45 70.53 
6/21/2020 0:00 205.76 1,794.46 9.86 314,950.05 3.26 173.72 69.38 
6/21/2020 1:00 189.28 1,609.60 10.27 313,844.04 3.02 162.03 61.71 
6/21/2020 2:00 151.96 1,427.03 8.06 314,061.73 3.02 130.05 53.45 
6/21/2020 3:00 126.96 1,240.44 6.62 314,035.04 3.02 108.67 44.97 
6/21/2020 4:00 113.25 1,054.30 5.89 314,103.11 3.05 96.78 36.47 


6/21/2020 5:00 108.26 873.95 5.81 314,406.47 3.05 92.47 28.31 


6/21/2020 6:00 115.32 704.43 5.92 313,360.74 3.23 97.54 20.35 


6/21/2020 7:00 99.38 536.98 5.06 312,445.86 3.08 84.78 12.92 


6/21/2020 8:00 91.68 363.62 4.85 312,685.04 3.05 78.33 5.13 
 Tail Gas Total 


Amount of SO2 
lbs 827.4 


tons 0.41 
 
















 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(June 26, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on June 26, 2019, at approximately 0700 hours and 
lasted until approximately 2300 hours on June 26, 2019. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 1.53 tons (~3,061 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  







 


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of 5 hours. Zero (0) Tail Gas Incidents occurred 
in a rolling twelve-month (12) period prior to this Tail Gas Incident. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 







 


Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has completed the implementation of all 
corrective actions identified in the Root Cause Analysis (please refer to Appendix 
B of this response).  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident (June 26, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident 
Type:  


Tail Gas  


Incident Start 
Date: 


June 26, 2019 Time: ~ 0700 hours 


Incident End 
Date: 


June 26, 2019 Time:  ~ 2300 hours 


Investigation 
Start Date: 


June 26, 2019 
Incident 
Duration: 


960 minutes * 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~3,061 tons:  1.53 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


6/26/2019 0700-2300 hours 960 
SRU Incinerator Stack 


(SN-844) 
 


Investigation Team Members: Title: 
1. Chris Thomas Area Supervisor 
2. Danny Smeltzer Area 1 Operations Manager  
3. Erin De Hass Process Engineer 
4. Alex Hulsey Environmental Specialist 


 
Investigation & Analysis: 
 
On June 26, 2019, at approximately 0700 hours the El Dorado Refinery (EDR) experienced a Tail 
Gas Incident that lasted until approximately 2300 hours.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU) during a safe and 
controlled unit startup as a result of a refinery-wide power outage attributed to Entergy tripping 
the El Dorado East and West Substations (115 kV) during severe thunderstorms packed with 
intense thunder and lightning as well as straight line winds with speeds in excess of 60 miles per 
hour that moved through the El Dorado community the evening of June 23, 2019.  Falls Analysis 
performed by Entergy indicated multiple strikes within close proximity of the T-Line during the 
incident that correlated with the breaker operations.  Entergy has stated a line patrol is scheduled 
for this line section. 
 
During the EDR SRU startup process from the aforementioned power outage, a regulator that 
supplies nitrogen to the SRU startup bypass line failed.  The nitrogen supply maintains 11 to 12 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (June 26, 2019) 
Investigation and Root Cause 
 
psig pressure on the SRU bypass line.  The failed nitrogen regulator allowed SRU Condenser 
overhead gases (acid gas) to flow back through the bypass line causing sulfur build-up; thus,  
resulting in a line blockage.  Operations immediately implemented line unplugging efforts by 
applying heating pads to the piping to dissolve the plugged sulfur.  Once the blockage was 
removed, some of the cleared sulfur flowed to the SRU Incinerator resulting in SO2 emissions. 
 
 
Root Cause: 
    
A regulator on a nitrogen supply line failed to function properly allowing the SRU Condenser 
overhead gas to accumulate resulting in the SRU startup bypass piping blockage.  The SRU bypass 
line was cleared and the sulfur was combusted.     
 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Maintenance serviced and 
repaired the nitrogen purge 
regulator 


Jeff Savage 
Maintenance Execution 


Superintendent 6/26/19 6/26/19 


Process Engineering 
evaluate potential 
installation of heat tracing 
to the SRU Condenser 
bypass piping 


Erin de Hass Process Engineer 6/26/19 8/2/19 


 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(June 26, 2019) 


Emissions Quantity 
 


 


Date/Time 


INCIN 
STACK 


SO2 
PPM 


(dry, 0% 
O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH      


INCIN 
STACK 


FLOW RATE 
-dscfh   


INCIN 
STACK 


%O2 


INCIN 
STACK 


SO2 PPM 
(dry, @ 
%O2) 


ERTGI 


Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 
6/26/2019 7:00 1,009.28 911.33 19.13 112,776.75 10.77 490.40 6.11 
6/26/2019 8:00 749.16 891.02 20.22 160,750.59 8.85 432.67 10.04 
6/26/2019 9:00 636.26 858.32 20.79 206,242.13 4.55 498.02 2827.00 


6/26/2019 10:00 724.50 834.02 25.21 214,187.83 6.49 500.02 14.58 
6/26/2019 11:00 788.14 813.13 27.36 208,155.69 7.75 496.58 12.47 
6/26/2019 12:00 737.47 789.99 25.15 203,220.34 6.87 495.62 12.45 
6/26/2019 13:00 736.13 768.05 27.62 221,562.73 6.81 496.64 13.07 
6/26/2019 14:00 645.19 757.41 22.68 211,943.95 4.85 495.74 13.96 
6/26/2019 15:00 609.11 732.29 21.35 211,915.39 3.91 495.27 14.04 
6/26/2019 16:00 593.62 707.07 20.47 207,588.02 3.47 495.35 13.38 
6/26/2019 17:00 588.40 707.54 19.35 202,992.75 3.31 495.38 13.21 
6/26/2019 18:00 599.72 701.42 23.22 252,118.06 3.08 511.63 16.40 
6/26/2019 19:00 540.16 662.32 39.37 450,476.95 1.60 498.78 28.98 
6/26/2019 20:00 557.05 646.31 36.77 388,978.86 2.92 479.49 22.42 
6/26/2019 21:00 541.97 638.46 35.28 394,057.26 2.44 478.88 22.85 
6/26/2019 22:00 435.65 614.38 28.28 379,050.62 2.52 383.18 20.52 


 
   Tail Gas  


Total Amount of SO2 
lbs 3,061.47 


 
   tons 1.53 


 
 
 
 
 
 


 
















 


 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(August 25-31, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on August 25, 2019, at approximately 1200 hours 
and lasted until approximately 0900 hours on August 31, 2019. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.57 tons (~ 1,140 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 







 


During the Tail Gas Incident, the EDR did not experience sulfur dioxide emissions at 
a rate greater than 20.0 pounds.  One (1) Tail Gas Incident occurred in a rolling 12-
month period prior to this Tail Gas Incident. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has not completed the implementation of 
the corrective action identified in the Root Cause Analysis as described in 
Appendix B.  The completion of this corrective action associated with the Root 
Cause Analysis will be communicated under the Paragraph 21 portion of the EDR 
Semi-Annual Consent Decree Progress Report for the applicable period. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident (August 25-31, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  Tail Gas  


Incident Start 
Date: 


August 25, 2019 Time: ~ 1200 hours 


Incident End 
Date: 


August 31, 2019 Time:  ~ 0900 hours 


Investigation 
Start Date: 


August 25, 2019 
Incident 
Duration: 


8,460 minutes * 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: ~ 1,140 tons: 0.57 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


8/25-31/2019 1200 - 0900 hours 8,460  
SRU Incinerator Stack 


(SN-844) 
 


Investigation Team Members: Title: 
1. Chris Thomas Area Supervisor 
2. Erin De Hass Process Engineer 
3. Eric Gonzalez Process Safety Manager 


 
Investigation & Analysis: 
 
On August 25, 2019, at approximately 1200 hours the El Dorado Refinery (EDR) experienced a 
Tail Gas Incident that lasted until approximately 0900 hours on August 31, 2019.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU)/Shell Claus Off-
Gas Treating (SCOT) Unit as a loss in acid gas feed was experienced due to electrical issues from 
the offsite supplier (LANXESS).  The EDR switched to low flow operating procedures until the 
offsite acid gas provider could resolve the electrical issues.  The initial loss in acid gas resulted in 
a significant drop in air to the unit which led to excess hydrogen sulfide (H2S) that combusted in 
the SRU incinerator contributing to the SO2 emissions.  Once the offsite supplier electrical issues 
were corrected, acid gas feed was re-established in a rapid, fluctuating manner.  The unstable gas 
supply led to additional SO2 breakthrough and excess H2S in the system contributing to further 
SO2 emissions.  Sulfur formed when excess SO2 reacted with dissolved H2S in the quench water 
which led to the plugging of the quench tower.  The Sodium Hydrogen Sulfide (NaHS) Unit was 
subsequently placed into operation during the sulfur plugging troubleshooting efforts.  Operations 
applied continuous steaming and washing of the quench tower, conducted solvent and quench 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (August 25-31, 2019) 
Investigation and Root Cause 
 
circulation in the towers, and flowed hot acid gas through the towers before the sulfur deposits 
were removed and incinerated.  These multiple troubleshooting efforts occurred on August 25-31, 
2019.   
 
Root Cause: 
    
Loss of acid gas feed due to electrical issues from offsite supplier (LANXESS) resulted in excess 
H2S that was combusted in the SRU incinerator.  Once electrical issues from the offsite supplier 
were resolved, acid gas flow was re-established in a rapid, fluctuating manner.  The unstable gas 
supply resulted in SO2 breakthrough which formed sulfur, iron sulfide and scale that led to the 
quench tower plugging. 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Operations to develop 
procedure excess H2S and SO2 
emissions reduction during the 
loss of acid gas flow to the 
SRU.   


Erin de Hass 
Chris Thomas 


Process Engineer 
Area Supervisor 8/31/19 11/22/19 


 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(August 25-31, 2019) 
Emissions Quantity 


 
 


Date/Time 


INCIN 
STACK SO2 
PPM (dry, 


0% O2) 


SO2 ppm 
Rolling 12 


hour average 
(dry, 0% O2) 


INCIN 
STACK 


SO2 -
LBH     


INCIN 
STACK 
FLOW 
RATE -


dscfh   


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 
PPM (dry, 
@ % O2) 


ERTGI 


Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 


8/25/2019 12:00 586.78 278.81 44.03 461,619.43 3.20 497.07 1.90  
8/25/2019 13:00 629.11 319.04 44.35 428,468.96 4.45 495.55 3.94 
8/25/2019 14:00 636.72 360.29 43.64 421,016.64 4.65 495.38 6.10 
8/25/2019 15:00 633.25 399.80 43.38 417,969.53 4.56 495.42 8.27 
8/25/2019 16:00 617.25 437.59 42.94 419,056.45 4.14 495.14 10.65 
8/25/2019 17:00 621.11 477.53 42.19 406,039.12 4.23 495.65 12.45 
8/25/2019 18:00 361.37 496.35 22.56 371,415.14 4.60 281.98 12.06 
8/25/2019 19:00 654.97 536.72 37.78 347,888.61 5.10 495.55 12.75 
8/25/2019 20:00 728.50 582.79 31.42 274,659.95 6.33 508.22 10.77 
8/25/2019 21:00 998.20 630.99 23.67 143,364.65 11.39 455.61 4.20 
8/25/2019 22:00 977.66 666.72 30.87 192,974.25 9.78 521.17 7.23 
8/25/2019 23:00 946.52 699.29 35.32 223,762.78 9.61 512.32 9.18 
8/26/2019 0:00 781.63 715.52 25.51 196,451.33 7.66 495.75 9.79 
8/26/2019 1:00 786.88 728.67 25.53 195,712.33 7.75 495.75 9.96 
8/26/2019 2:00 788.49 741.32 25.52 197,744.18 7.78 495.75 10.31 
8/26/2019 3:00 785.92 754.04 25.94 195,675.42 7.73 495.80 10.50 
8/26/2019 4:00 778.81 767.51 24.78 191,611.02 7.61 495.76 10.65 
8/26/2019 5:00 776.35 780.44 24.08 190,897.83 7.57 495.77 10.91 
8/26/2019 6:00 688.51 807.70 22.88 202,878.83 6.86 462.87 12.84 
8/26/2019 7:00 753.25 815.89 24.16 192,345.97 7.16 495.94 12.10 
8/26/2019 8:00 691.72 812.83 21.51 182,472.79 6.20 486.84 12.20 
8/26/2019 9:00 620.95 781.39 18.91 181,990.98 6.10 440.16 11.57 
8/26/2019 10:00 326.65 727.14 10.96 181,814.15 6.23 229.43 10.29 
8/26/2019 11:00 485.84 688.75 14.33 176,645.45 6.44 336.44 9.06 
8/26/2019 12:00 636.60 676.66 17.56 170,598.94 5.67 464.34 8.97 
8/26/2019 13:00 582.38 659.62 17.28 181,059.66 6.05 414.21 8.91 
8/26/2019 14:00 655.74 648.56 20.67 183,186.28 5.07 496.87 9.34 
8/26/2019 15:00 640.65 636.45 19.70 183,006.86 4.75 495.46 9.24 
8/26/2019 16:00 0.00 571.55 0.00 186,769.13 4.45 0.00 7.99 
8/26/2019 17:00 0.00 506.86 0.00 183,684.09 4.56 0.00 6.24 







8/26/2019 18:00 0.00 449.48 0.00 181,042.69 4.58 0.00 4.77 
8/26/2019 19:00 0.00 386.71 0.00 183,084.62 4.53 0.00 3.31 
8/26/2019 20:00 0.00 329.07 0.00 181,174.52 4.53 0.00 1.90 
8/26/2019 21:00 0.00 277.32 0.00 183,697.64 4.55 0.00 0.66 
8/26/2019 22:00 0.00 250.10 0.00 183,725.59 4.63 0.00 0.00 
8/26/2019 23:00 0.00 209.61 0.00 185,589.93 4.67 0.00  0.00 
8/27/2019 0:00 0.00 156.56 0.00 186,808.31 4.70 0.00  0.00 
8/27/2019 1:00 0.00 108.03 0.00 186,208.03 4.70 0.00  0.00 
8/27/2019 2:00 638.81 106.62 19.76 187,268.63 4.70 495.42  0.00 
8/27/2019 3:00 637.72 106.38 19.36 186,361.82 4.67 495.40  0.00 
8/27/2019 4:00 0.00 106.38 19.57 185,146.02 4.65 0.00  0.00 
8/27/2019 5:00 0.00 106.38 19.35 185,812.10 4.66 0.00  0.00 
8/27/2019 6:00 584.38 155.08 0.00 187,889.81 4.75 451.89  0.00 
8/27/2019 7:00 643.47 208.70 20.15 189,420.88 4.82 495.51  0.00 
8/27/2019 8:00 641.21 262.13 19.89 186,797.27 4.76 495.51 0.30 
8/27/2019 9:00 0.00 262.13 19.89 185,606.07 4.55 0.00 0.30 
8/27/2019 10:00 592.56 311.51 17.50 187,542.35 4.38 468.58 1.54 
8/27/2019 11:00 623.80 363.50 19.46 187,705.35 4.31 495.31 2.86 
8/27/2019 12:00 624.47 415.54 19.68 187,386.99 4.33 495.38 4.16 
8/27/2019 13:00 619.69 467.18 19.31 184,409.25 4.22 494.71 5.40 
8/27/2019 14:00 617.73 465.42 18.91 184,341.77 4.15 495.32 5.38 
8/27/2019 15:00 618.33 463.80 19.12 184,279.87 4.17 495.36 5.33 
8/27/2019 16:00 618.26 515.32 19.16 184,651.87 4.17 495.29 6.63 
8/27/2019 17:00 618.65 566.88 19.01 185,292.10 4.18 495.31 7.94 
8/27/2019 18:00 619.99 569.85 18.82 185,511.65 4.23 494.91 8.00 
8/27/2019 19:00 620.42 567.93 18.89 185,562.59 4.22 495.30 7.96 
8/27/2019 20:00 619.43 566.11 19.09 186,482.81 4.20 495.31 7.96 
8/27/2019 21:00 617.30 617.55 19.09 185,220.19 4.14 495.29 9.23 
8/27/2019 22:00 617.24 619.61 18.57 183,908.62 4.14 495.27 9.21 
8/27/2019 23:00 617.86 619.11 19.14 183,931.33 4.15 495.34 9.19 
8/28/2019 0:00 619.33 618.68 18.93 185,909.34 4.22 494.44 9.24 
8/28/2019 1:00 619.64 618.68 19.07 185,696.07 4.20 495.33 9.24 
8/28/2019 2:00 621.12 618.96 19.48 186,955.54 4.24 495.36 9.29 
8/28/2019 3:00 623.18 619.37 19.69 188,532.22 4.30 495.33 9.35 
8/28/2019 4:00 622.39 619.71 19.73 188,143.90 4.27 495.46 9.35 
8/28/2019 5:00 622.52 620.04 19.30 187,479.63 4.28 495.41 9.33 
8/28/2019 6:00 566.83 615.61 17.53 187,404.19 4.26 451.63 9.22 
8/28/2019 7:00 622.47 615.78 19.00 187,976.17 4.33 493.74 9.21 
8/28/2019 8:00 620.83 615.89 19.51 188,265.87 4.25 494.74 9.27 
8/28/2019 9:00 619.35 616.06 19.05 186,073.80 4.19 495.33 9.20 
8/28/2019 10:00 617.22 616.06 19.11 182,286.86 4.14 495.34 9.05 
8/28/2019 11:00 616.95 615.99 18.48 182,034.09 4.13 495.17 9.03 
8/28/2019 12:00 616.24 615.73 18.56 181,445.74 4.11 495.38 9.01 
8/28/2019 13:00 615.52 615.39 18.37 182,439.16 4.09 495.28 9.06 
8/28/2019 14:00 614.07 614.80 18.44 183,030.90 4.06 495.01 9.09 
8/28/2019 15:00 604.03 613.20 17.96 182,218.72 4.11 485.53 8.99 
8/28/2019 16:00 591.32 610.61 17.99 183,116.17 4.07 476.30 8.98 







8/28/2019 17:00 582.55 607.28 17.95 184,327.42 4.09 468.90 8.95 
8/28/2019 18:00 560.62 606.76 17.37 184,950.86 4.09 451.23 8.97 
8/28/2019 19:00 556.23 601.24 17.42 184,616.22 4.13 446.65 8.80 
8/28/2019 20:00 549.81 595.33 16.64 184,678.89 4.13 441.45 8.65 
8/28/2019 21:00 549.12 589.47 16.65 185,151.07 4.15 440.43 8.52 
8/28/2019 22:00 526.56 581.92 16.02 186,192.93 4.23 420.10 8.33 
8/28/2019 23:00 520.37 573.87 15.74 186,216.21 4.26 414.48 8.11 
8/29/2019 0:00 504.09 564.52 15.55 186,474.18 4.29 400.81 7.88 
8/29/2019 1:00 503.03 555.15 15.66 188,125.14 4.32 399.38 7.70 
8/29/2019 2:00 504.29 546.00 15.64 186,180.64 4.34 399.75 7.38 
8/29/2019 3:00 484.46 536.04 14.97 188,191.94 4.34 384.07 7.21 
8/29/2019 4:00 486.40 527.29 15.23 187,889.34 4.34 385.64 6.98 
8/29/2019 5:00 480.23 518.77 14.56 186,915.06 4.34 380.72 6.73 
8/29/2019 6:00 438.78 508.61 13.86 188,548.65 4.32 348.20 6.54 
8/29/2019 7:00 474.52 501.81 14.99 187,107.88 4.38 375.38 6.30 
8/29/2019 8:00 472.52 495.36 14.50 186,684.19 4.35 374.45 6.13 
8/29/2019 9:00 479.24 489.54 14.61 184,687.91 4.31 380.58 5.93 
8/29/2019 10:00 471.09 484.92 14.51 183,293.43 4.28 374.81 5.79 
8/29/2019 11:00 458.28 479.74 13.73 182,740.98 4.27 364.82 5.65 
8/29/2019 12:00 466.86 476.64 13.71 181,595.74 4.25 372.04 5.54 
8/29/2019 13:00 463.55 473.35 14.08 181,383.35 4.24 369.69 5.46 
8/29/2019 14:00 454.25 469.18 14.00 184,328.67 4.65 353.39 5.31 
8/29/2019 15:00 680.88 485.55 21.18 196,476.94 6.47 470.68 5.40 
8/29/2019 16:00 644.26 498.70 28.64 269,825.96 4.75 498.06 8.76 
8/29/2019 17:00 584.84 507.42 30.14 315,281.24 3.11 498.03 11.68 
8/29/2019 18:00 603.70 521.17 33.13 329,958.73 3.76 495.42 12.40 
8/29/2019 19:00 603.32 531.90 32.78 336,065.98 3.75 495.30 13.14 
8/29/2019 20:00 575.83 540.51 34.10 367,382.45 2.91 495.85 15.53 
8/29/2019 21:00 570.20 548.09 36.09 379,168.54 2.76 495.19 16.58 
8/29/2019 22:00 569.58 556.30 36.02 382,038.04 2.73 495.24 17.19 
8/29/2019 23:00 570.14 565.62 36.18 385,856.86 2.75 495.20 17.87 
8/30/2019 0:00 576.27 574.74 36.56 383,376.56 2.95 495.14 18.07 
8/30/2019 1:00 573.08 583.86 37.15 388,902.56 2.85 495.13 18.95 
8/30/2019 2:00 534.58 590.56 33.30 367,566.85 3.21 452.75 17.91 
8/30/2019 3:00 352.26 563.17 19.26 344,189.82 3.37 295.60 15.28 
8/30/2019 4:00 586.58 558.37 34.62 359,888.31 3.26 495.29 15.83 
8/30/2019 5:00 597.06 559.38 34.19 344,186.24 3.57 495.32 14.92 
8/30/2019 6:00 554.49 555.28 32.08 347,469.48 3.65 457.91 14.80 
8/30/2019 7:00 454.58 542.89 27.63 349,135.60 3.51 378.33 14.38 
8/30/2019 8:00 282.56 518.45 15.68 328,089.00 3.62 233.73 12.31 
8/30/2019 9:00 215.06 488.85 10.96 317,895.39 3.98 174.24 10.39 
8/30/2019 10:00 246.99 461.97 12.76 315,976.24 3.48 205.97 9.44 
8/30/2019 11:00 248.02 435.13 13.46 322,566.85 3.32 208.71 8.49 
8/30/2019 12:00 206.65 404.33 11.23 323,212.53 3.25 174.63 7.12 
8/30/2019 13:00 187.30 372.18 10.26 324,926.55 3.14 159.18 5.70 
8/30/2019 14:00 181.97 342.79 9.90 333,295.53 2.87 157.00 4.51 
8/30/2019 15:00 419.21 348.37 21.06 336,737.37 3.39 351.29 4.69 







8/30/2019 16:00 703.09 358.08 29.15 253,864.40 6.08 498.96 3.29 
8/30/2019 17:00 753.18 371.09 30.86 247,421.77 7.16 495.81 3.33 
8/30/2019 18:00 752.92 387.63 31.99 253,978.05 7.15 495.94 3.89 
8/30/2019 19:00 625.61 401.88 29.99 290,665.25 4.31 496.83 5.92 
8/30/2019 20:00 565.78 425.48 34.13 369,942.43 2.61 495.20 9.60 
8/30/2019 21:00 547.18 453.16 34.15 371,323.26 2.74 475.71 11.08 
8/30/2019 22:00 356.98 462.32 22.56 360,822.19 2.86 308.15 11.17 
8/30/2019 23:00 275.44 464.61 16.65 359,618.09 2.87 237.70 11.25 
8/31/2019 0:00 410.51 481.60 26.46 375,934.29 2.52 361.04 12.94 
8/31/2019 1:00 294.07 490.49 17.80 359,302.99 3.03 251.54 12.49 
8/31/2019 2:00 260.26 497.02 15.87 360,004.43 3.09 221.84 12.81 
8/31/2019 3:00 233.39 481.53 13.97 357,882.96 3.08 199.10 11.94 
8/31/2019 4:00 207.82 440.26 12.33 359,674.83 3.01 177.92 9.90 
8/31/2019 5:00 202.38 394.36 11.99 359,722.25 3.07 172.76 7.49 
8/31/2019 6:00 186.27 347.14 11.53 361,905.55 3.18 158.00 5.04 
8/31/2019 7:00 171.36 309.29 10.20 360,328.48 3.01 146.70 3.09 
8/31/2019 8:00 167.14 276.07 10.02 360,527.00 2.99 143.30 1.36 


    Tail Gas Total Amount 
of SO2 


lbs 1,140.2 
    tons 0.57 


 












UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 6


1201 ELM STREET, SUITE 500
DALLAS, TEXAS 75270


March 17, 2021


TRANSMITTED VIA ELECTRONIC MAIL


Lance Thomasson
Environmental Manager
Delek USA – El Dorado Refinery
1000 McHenry St.
El Dorado, AR 71730
lance.thomasson@delekus.com


Re: United States of America et. al. v. Lion Oil Company – Civil Action No. 03-1028 entered 
June 12, 2003 – Combined Response to 6/5/2020, 6/20/2020, and 8/26/2020, Tail Gas 
Incidents at the Delek (Lion Oil) Refinery in El Dorado, Arkansas.


Dear Mr. Thomasson:


The United States Environmental Protection Agency (EPA) received reports dated July 17,
August 4, and October 2, 2020, regarding the tail gas (TG) flaring incidents that occurred on
June 5, June 20, and August 26, 2020, at the Delek (Lion Oil) Refinery located in El Dorado, 
Arkansas. EPA has reviewed the reports and has assessed total stipulated penalties of $3,675.00
for the three incidents referenced in the Enclosure, with 50 percent ($1,837.50) paid to the State 
of Arkansas and 50 percent ($1,837.50) paid to the United States within sixty (60) days of receipt 
of this demand in accordance with Paragraph 58 of the Consent Decree (CD). The Enclosure 
includes a consolidated summary of the flaring incident reports with reference to each applicable 
CD paragraph, as well as the stipulated penalty assessed for each reported incident. 


To expedite the processing of the payment of stipulated penalties, please clearly identify the 
incident date and amount of the penalty both on the check, if paying by check, and in the letter 
accompanying payment by check or wire transfer. If Delek wishes to pay stipulated penalties for 
multiple incidents with one check or wire transfer, please identify each separate incident date and 
the penalty amount within the letter. Please also email a copy of the letter accompanying the 
payment to the EPA Region 6 air consent decree tracking coordinator (Diana Lundelius) at 
R6CAACDDeliverables@epa.gov.


If you have any questions regarding this matter, please contact Diana Lundelius at (214) 665-
7468 or by email at Lundelius.diana@epa.gov.
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EPA acknowledges that the COVID-19 pandemic may impact your business. If that is the 
case, please contact us regarding any specific issues you need to discuss.


Sincerely,


Cheryl T. Seager, Director
Enforcement and 


Compliance Assurance Division


Enclosure


Ecc: Mitch Colvin, Delek US, mitch.colvin@delekus.com
LeAnn Johnson, Perkins Coie, LeAnnJohnson@perkinscoie.com
Michael McAlister, Arkansas DEQ, Legal Division, mcalister@adeq.state.ar.us
Kenneth Long, Acting Asst. EES Section Chief, U.S. DOJ, Kenneth.Long@usdoj.gov
Thomas Carroll, Acting Director, Air Enforcement Div., U.S. EPA OECA,
Carroll.Thomas@epa.gov
Teresa Dykes, U.S. EPA OECA, dykes.teresa@epa.gov
DOJ Finance c/o Joe Davis, eescasemanagement.enrd@usdoj.gov
EPA Cincinnati c/o Jessica Chalifoux, cinwd_acctsreceivable@epa.gov
Diana Lundelius, U.S. EPA, Region 6, R6CAACDDeliverables@epa.gov
Carlos Zequeira, U.S. EPA, Region 6 Regional Counsel, zequeira.c@epa.gov
Jody Mack, Matrix Engineering, Jody Mack, Matrix Engineering,
jmack@matrixneworld.com


Digitally signed by CHERYL SEAGER 
DN: c=US, o=U.S. Government, ou=Environmental 
Protection Agency, cn=CHERYL SEAGER, 
0.9.2342.19200300.100.1.1=68001003651793 
Date: 2021.03.17 17:14:37 -05'00'







Enclosure 
U.S. EPA Region 6 Consolidated Flaring Report Response 


Delek USA (Lion Oil) – El Dorado Refinery 
Tail Gas Flaring Events 


 
The following table provides a summary of the incidents reported and any stipulated penalties 
that have been assessed: 
 


Incident Date Report 
Date 


Incident 
Type 


Applicable CD 
Paragraph 


Tons 
Released 


Penalty 
Amount 
Assessed 


6/5-6/2020 07/17/2020 TG 20.C.ii.a* 0.86 $675.00 
6/20-21/2020 08/04/2020 TG 20.C.ii.a* 0.41 $300.00 
8/26-28/2020 10/02/2020 TG 20.C.ii.a* 2.66 $2,700.00 
    Total Penalty $3,675.00 


* The stipulated penalty provisions of Paragraph 49.A. shall apply if the Tail Gas Flaring Incident results in emissions of sulfur 
dioxide at a rate greater than twenty (20.0) pounds per hour continuously for three (3) consecutive hours or more. 
 
The following summaries outline EPA’s determinations for each incident:  
 
June 5-6, 2020 – Delek USA (Lion Oil) El Dorado Refinery reported a tail gas flaring incident 
that occurred on June 5-6, 2020. According to Delek’s report, the incident resulted in the release 
of 0.86 tons of sulfur dioxide (SO2) due to the focused removal of a sulfur plug intended to 
reduce the Shell Claus Off-gas Treating (SCOT) unit furnace pressure. 
 
The root cause of the incident was internal debris released during the plug removal, causing 
furnace pressure to drop rapidly with flame destabilization in the SCOT Mixing Chamber, and 
leading to the flame scanner tripping on emergency shut down. Because SO2 emissions exceeded 
20.0 pounds per hour for twenty-two (22) hours, this incident is subject to stipulated penalty 
under Paragraph 49.A. of $675.00 (0.9 tons x $750/ton).  
 
June 20-21, 2020 – Delek USA (Lion Oil) El Dorado Refinery reported a tail gas flaring 
incident that occurred June 20-21, 2020. According to Delek’s report, the incident resulted in the 
release of 0.41 tons of SO2 due to loss of flame from instability caused by pressure and air flow 
disturbances between the SRU Furnace and the SCOT Mixing Chamber. 
 
The root cause of the incident was flame destabilization causing a flame scanner emergency 
shutdown trip. The flame scanner tubes had elemental sulfur and refractory material blockage 
from the SCOT tail gas line and Mixing Chamber. Because SO2 emissions exceeded 20.0 pounds 
per hour for sixteen (16) hours, this incident is subject to stipulated penalty under Paragraph 
49.A. of $300.00 (0.4 tons x $750/ton). 
 
August 26-28, 2020 – Delek USA (Lion Oil) El Dorado Refinery reported a tail gas flaring 
incident that occurred August 26-28, 2020. According to Delek’s report, the incident resulted in 
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the release of 2.66 tons of SO2 due to a rapid increase of sour acid gas flow to the SRU from 
introducing a new crude feedstock having a drastic change in sulfur and gravity characteristics.  
 
The root cause of the incident was flame instability in the SCOT heater due to a change in crude 
feedstock at the refinery. The rapid increase of acid gas flow to the SRU caused disruption in the 
tail gas loop, resulting in flame instability inside the SCOT Heater that tripped the SCOT Unit 
off-line. Because SO2 emissions exceeded 20.0 pounds per hour for forty-one (41) hours, this 
incident is subject to an automatic stipulated penalty under Paragraph 49.A. of $2,700.00 (2.7 
tons x $1000/ton). 












 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(August 26-28, 2020)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A - Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on August 26, 2020, at approximately 0300 hours 
and lasted until approximately 0000 hours on August 28, 2020. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 2.66 tons (~ 5,325.9 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of forty-one (41) hours.  Five (5) Tail Gas 







 


Incidents occurred in a rolling 12-month period prior to the Tail Gas Incident on 
August 26-28, 2020. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has not completed the implementation of 
three corrective actions identified in the Root Cause Analysis as described in 
Appendix B.  The completion of these corrective actions associated with the Root 
Cause Analysis will be communicated under the Paragraph 21 portion of the EDR 
Semi-Annual Consent Decree Progress Report for the applicable period. 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident (August 26-28, 2020)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US - El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  Tail Gas  


Incident Start 
Date: 


August 26, 2020 Time: ~ 0300 hours 


Incident End 
Date: 


August 28, 2020 Time:  ~ 0000 hours 


Investigation 
Start Date: 


August 28, 2020 
Incident 
Duration: 


2,700 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: 5,325.9 tons: 2.66 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


8/26-28/2020 0300 - 0000 hours 2,700 
SRU Incinerator Stack 


(SN-844) 
 


Investigation Team Members Title 
1. Chris Thomas Area Supervisor 
2. Erin Reed Process Engineer 
3. Alan Woodyard Process Control Engineer 
4. Sid Krishnan Technical Services Manager 
5. Danny Smeltzer Operations ABT 1 Manager 
6. John Callahan Operations Manager 


 
 
 
Investigation & Analysis: 
 
On August 26, 2020, at approximately 0300 hours the El Dorado Refinery (EDR) experienced a 
Tail Gas incident that lasted until approximately 0000 hours on August 28, 2020.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU)/Shell Claus Off-
Gas Treating (SCOT) Unit.  A new crude slate with a drastic change in sulfur and gravity 
characteristic was introduced to the refinery around 0000 hours on August 26, 2020 resulting in a 
rapid increase of sour acid gas flow to the SRU.  The sharp increase of sour gas caused disruption 
in the tail gas loop resulting in flame instability inside the SCOT Heater.  The flame eyes detected 
no flame and tripped the SCOT Unit off-line.  Sulfur shedding was implemented to minimize 
emissions as Operations safely executed multiple methodical process adjustments throughout 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (August 26-28, 2020) 
Investigation and Root Cause 
 
refinery operating units to reduce the amount of acid gas to the SRU.  In addition, Operations 
safely shut down the Quench Tower to cut through and remove the occlusion; thus, resulting in an 
overall SRU pressure drop and increased air flow.  Furthermore, EDR consulted with the SCOT 
Unit designer (Ortloff Engineers) to evaluate process data from the incident as well as focus on 
potential sulfur recovery efficiencies and solutions.  Moreover, EDR retained an independent well-
renowned and experienced company (Sulphur Experts) that specializes in analyzing and 
troubleshooting sulfur plant issues (amine, dehydration, Claus SRU, and SCOT units) to perform 
a technical evaluation of the SRU/SCOT and identify operational efficiency opportunities as well 
as provide recommendations to prevent a reoccurrence of the August 26-28, 2020 incident.      
 
 
Root Cause: 
    
A significant crude slate change introduced into the refinery resulted in a rapid increase of acid 
gas flow to the SRU.  The acid gas increase caused disruption in the tail gas loop resulting in flame 
instability inside the SCOT Heater.  The flame eyes detected no flame and tripped the SCOT Unit 
off-line. 
 
 
Recommendation(s) to prevent incident reoccurrence: 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date Completed 


Tuned the SCOT Mixing 
Chamber Inline Burner air-
to-fuel ratio for improved 
temperature control and 
stability 


Alan Woodyard 
Erin Reed 


Chris Thomas 


Process Control Engineer 
Process Engineer 
Area Supervisor 


8/29/20 9/8/20 


Manage crude changes with 
advance planning such that 
a sudden increase in load 
doesn’t trip the SRU 


Trent Jefferson 
Chris Thomas 


Al Lehman 
Danny Smeltzer 


 
Econ and Planning Mgr 


Area Supervisor 
Area Supervisor 
ABT 1 Manager 


 


8/28/20 12/31/20* 


Generate a management of 
change to implement an 
industry recommended  
five-second delay on the 
SCOT Mixing Chamber 


Al Lehman 
Alan Woodyard 


Area Supervisor 
Process Control Engineer 10/2/20 11/1/20* 
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Investigation and Root Cause 
 


fire eyes to reduce the 
likelihood of an unit trip  


Plan and execute scope 
regarding SCOT Unit 
repairs during next 
scheduled outage 


Chris Thomas 
Al Lehman 


Danny Smeltzer 
Sam Trogdon 


Area Supervisor 
Area Supervisor 
ABT 1 Manager 


Turnaround Manager 


7/27/20 


Scope planning 
ongoing with 


execution during 
next scheduled 


unit outage 
which is 
currently 


anticipated 
during 1Q2021 


in parallel with a 
refinery-wide 
turnaround*  


 
*Note:  Updates regarding these specific corrective action items will be communicated in 


forthcoming Consent Decree Semi-Annual Progress Reports provided by the EDR. 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(August 26-28, 2020) 
Emissions Quantity 


 
 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 


PPM (dry, 
@ % O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 


8/26/2020 3:00 3,404.54 3,036.50 205.65 401,656.61 2.26 3036.50 15.75 
8/26/2020 4:00 3,383.72 3,026.76 205.65 402,871.11 2.21 3026.76 32.58 
8/26/2020 5:00 3,320.37 2,999.05 206.60 408,472.90 2.03 2999.05 50.17 
8/26/2020 6:00 3,403.28 3,016.42 205.75 407,538.08 2.38 3016.42 65.99 
8/26/2020 7:00 3,256.17 2,947.82 205.00 412,401.69 1.98 2947.82 84.90 
8/26/2020 8:00 3,219.24 2,948.87 206.06 414,764.30 1.76 2948.87 103.18 
8/26/2020 9:00 3,371.58 3,048.43 202.35 397,407.11 2.01 3048.43 114.21 


8/26/2020 10:00 3,319.69 2,943.66 210.05 425,252.09 2.37 2943.66 137.01 
8/26/2020 11:00 3,205.83 2,782.32 207.68 442,857.20 2.77 2782.32 156.48 
8/26/2020 12:00 3,184.97 2,768.42 206.57 442,336.87 2.74 2768.42 173.22 
8/26/2020 13:00 3,188.67 2,771.22 207.13 443,111.34 2.74 2771.22 190.11 
8/26/2020 14:00 3,114.25 2,748.39 203.70 439,570.92 2.46 2748.39 198.66 
8/26/2020 15:00 3,060.15 2,704.11 198.05 434,297.07 2.44 2704.11 194.66 
8/26/2020 16:00 3,123.49 2,705.97 195.97 429,296.83 2.80 2705.97 187.28 
8/26/2020 17:00 3,072.98 2,675.03 191.29 423,387.25 2.71 2675.03 184.31 
8/26/2020 18:00 3,057.66 2,684.25 190.10 419,775.62 2.56 2684.25 182.50 


8/26/2020 19:00 2,953.29 2,596.96 185.14 422,760.43 2.53 2596.96 182.52 


8/26/2020 20:00 2,920.72 2,551.56 181.62 421,902.66 2.65 2551.56 179.41 


8/26/2020 21:00 2,930.69 2,552.94 179.18 416,111.93 2.70 2552.94 174.19 


8/26/2020 22:00 2,848.07 2,491.08 176.10 419,271.09 2.63 2491.08 173.79 


8/26/2020 23:00 2,931.96 2,534.70 175.56 410,636.25 2.84 2534.70 166.86 


8/27/2020 0:00 2,789.78 2,469.49 173.32 416,587.56 2.40 2469.49 171.29 


8/27/2020 1:00 2,849.45 2,543.44 174.10 407,912.72 2.25 2543.44 167.39 


8/27/2020 2:00 2,962.53 2,643.39 182.37 409,229.13 2.26 2643.39 167.09 


8/27/2020 3:00 2,680.89 2,478.37 185.13 443,195.22 1.58 2478.37 185.31 


8/27/2020 4:00 2,878.69 2,599.42 183.68 419,941.97 2.03 2599.42 170.20 


8/27/2020 5:00 2,986.85 2,694.44 188.00 413,675.22 2.05 2694.44 167.04 


8/27/2020 6:00 3,024.74 2,674.33 181.10 404,325.81 2.43 2674.33 159.84 


8/27/2020 7:00 2,972.16 2,600.85 171.56 391,370.76 2.62 2600.85 153.22 


8/27/2020 8:00 2,638.64 2,212.30 138.76 369,131.94 3.38 2212.30 137.21 







8/27/2020 9:00 2,050.38 1,636.65 94.66 342,780.70 4.23 1636.65 117.90 


8/27/2020 10:00 2,066.94 1,648.83 93.89 337,505.96 4.24 1648.83 113.06 


8/27/2020 11:00 2,062.58 1,638.19 92.94 336,278.41 4.31 1638.19 108.88 


8/27/2020 12:00 2,005.22 1,604.64 90.94 335,954.41 4.18 1604.64 106.63 


8/27/2020 13:00 1,256.96 968.68 51.58 305,881.06 4.80 968.68 88.21 


8/27/2020 14:00 161.80 126.30 7.12 298,868.28 4.60 126.30 78.10 


8/27/2020 15:00 128.12 98.84 7.61 297,278.93 4.79 98.84 68.53 


8/27/2020 16:00 74.87 56.14 3.76 296,301.98 5.24 56.14 57.62 


8/27/2020 17:00 .00 0.00 .00 294,177.52 5.23 0.00 47.96 


8/27/2020 18:00 .00 0.00 .00 288,536.31 5.22 0.00 37.85 


8/27/2020 19:00 .00 0.00 .00 288,687.00 5.01 0.00 29.20 


8/27/2020 20:00 .00 0.00 .00 284,057.55 4.90 0.00 20.84 


8/27/2020 21:00 .00 0.00 .00 282,519.95 4.73 0.00 14.64 


8/27/2020 22:00 .00 0.00 .00 282,313.55 4.79 0.00 8.24 


8/27/2020 23:00 .00 0.00 .00 280,831.66 4.82 0.00 1.91 
 Tail Gas Total 


Amount of SO2 
lbs 5,325.9 


tons 2.66 
 












UNITED STATES ENVIRONMENTAL PROTECTION 
AGENCY 


REGION 6 
1201 ELM STREET, SUITE 500 
DALLAS, TEXAS 75270-2102 


June 4, 2021 


TRANSMITTED VIA ELECTRONIC MAIL 


Lance Thomasson 
Environmental Manager 
Delek USA – El Dorado Refinery 
1000 Mc Henry St. 
El Dorado, AR 771730  
lance.thomasson@delekus.com 


Re: United States of America et. al. v. Lion Oil Company – Civil Action No. 03-1028 entered 
June 12, 2003 – Response to 02/14/2021 Tail Gas (TG) Incident at the Delek (Lion Oil) 
Refinery in El Dorado, Arkansas.   


 Dear Mr. Thomasson: 


The United States Environmental Protection Agency (EPA) received a report dated April 1, 
2021, regarding the TG flaring incident that began on 02/14/2021 and lasted until 02/16/2021 at 
the Delek (Lion Oil) Refinery located in El Dorado, Arkansas. EPA has reviewed the report and 
has assessed a total stipulated penalty of $307.50 for the incident, with 50 percent ($153.75) paid 
to the State of Arkansas and 50 percent ($153.75) paid to the United States within sixty (60) days 
of receipt of this demand, in accordance with Paragraph 58 of the Consent Decree.  


According to Delek’s report, the incident resulted in the release of 0.41 tons of sulfur dioxide 
(SO2) over approximately forty hours due to an unplanned refinery-wide shut down caused by 
the loss of all three refinery boilers. The boilers tripped off line, shutting down steam production 
to the entire refinery after the fuel gas system low-pressure transmitter sensing line froze. Delek 
noted in its report that the current fuel gas system control relies on a single transmitter reading, 
and that the freeze potential hazard for the transmitter could have been mitigated better prior to 
the extreme weather conditions which occurred. 


Per Appendix C pages eight and nine of Delek’s report, because SO2 emissions exceeded 20.0 
pounds per hour for nine (9) hours, this incident is subject to an automatic stipulated penalty 
under Paragraph 49.A. of $307.50 (0.41 tons x $750/ton). EPA notes that this is the fourth TG 
incident in a rolling twelve-month period. 


To expedite the processing of the payment of stipulated penalties, please clearly identify the 
incident date and amount of the penalty both on the check, if paying by check, and in the letter 
accompanying payment by check or wire transfer. If Delek wishes to pay stipulated penalties for 
multiple incidents with one check or wire transfer, please identify each separate incident date and 
the penalty amount within the letter. Please also email a copy of the letter accompanying the 
payment to the EPA Region 6 air consent decree tracking coordinator (Diana Lundelius) at 
R6CAACDDeliverables@epa.gov. 
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If you have any questions regarding this matter, please contact Diana Lundelius at (214) 665-
7468 or by email at Lundelius.Diana@epa.gov.  


 
EPA acknowledges that the COVID-19 pandemic may impact your business. If that is the 
case, please contact us regarding any specific issues you need to discuss. 
 
                                                                      Sincerely, 
 
 
 
                                                                      Cheryl T. Seager, Director 
                                                                      Enforcement and  


   Compliance Assurance Division 
 


 
Ecc:  Mitch Colvin, Delek US, mitch.colvin@delekus.com 
 LeAnn Johnson, Perkins Coie, LeAnnJohnson@perkinscoie.com 


Michael McAlister, Arkansas DEQ, Legal Division, mcalister@adeq.state.ar.us 
Thomas Carroll, Asst. Chief, EES Section, U.S. DOJ, thomas.carroll@usdoj.gov 
Evan Belser, Acting Dir., Air Enforcement Div., U.S. EPA OECA, belser.evan@epa.gov 


  Teresa Dykes, U.S. EPA OECA, dykes.teresa@epa.gov 
 DOJ Finance c/o Joe Davis, eescasemanagement.enrd@usdoj.gov 
 EPA Cincinnati c/o Jessica Chalifoux, cinwd_acctsreceivable@epa.gov 
 Diana Lundelius, U.S. EPA, Region 6, R6CAACDDeliverables@epa.gov 
 Carlos Zequeira, U.S. EPA, Region 6 Regional Counsel, zequeira.c@epa.gov 


Jody Mack, Matrix Engineering, Jody Mack, Matrix Engineering, jmack@matrixneworld.com  
 
 
 





				2021-06-04T08:53:06-0500

		STEPHEN GILREIN
















 


 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident  
(October 7-8, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas Incident commenced on October 7, 2019, at approximately 0300 hours 
and lasted until approximately 1500 hours on October 8, 2019. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.27 tons (~ 531 lbs) of sulfur dioxide was emitted during 
the Tail Gas Incident.  Appendix C of this response includes the calculation method 
specified under Paragraph §20.D of the Consent Decree to estimate this reported sulfur 
dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas Incident resulting from the same Root Cause or 
contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of nine (9) hours.  Two (2) Tail Gas Incidents 







 


occurred in a rolling 12-month period prior to the Tail Gas Incident on October 7-8, 
2019. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas Incident, detailed in the Root 
Cause Analysis required under Paragraph §20.A.iv and provided in Appendix B 
of this response, has been identified and hereby submitted within the 45-day time 
period following the Tail Gas Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has completed the implementation of the 
corrective actions identified in the Root Cause Analysis as described in Appendix 
B. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas and Hydrocarbon Flaring Incident (October 7-8, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Tail Gas and 
Hydrocarbon Flaring 


Incident Start 
Date: 


October 7, 2019 Time: ~ 0300 hours 


Incident End 
Date: 


October 8, 2019 Time:  ~ 1500 hours 


Investigation 
Start Date: 


October 7, 2019 
Incident 
Duration: 


2,160 minutes * 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: ~ 531 tons: 0.27 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


10/7-8/2019 0300 - 1500 hours 2,160  
SRU Incinerator Stack 


(SN-844) 
 
 


Investigation Team Members: Title: 
1. Chris Thomas Area Supervisor 
2. Jeff Seelbach Electrical Engineer 
3. Luis Ovalle Electrical Engineer 


 
Investigation & Analysis: 
 
On October 7, 2019, at approximately 0300 hours the El Dorado Refinery (EDR) experienced a 
Tail Gas incident that lasted until approximately 1500 hours on October 8, 2019.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU) when the EDR 
experienced a power disruption initiated from an electrical utility provider (Entergy) voltage sag 
on the incoming 13.8 kilovolts (kV) power.  The refinery voltage sag coincides with an 
autotransformer trip on Entergy’s El Dorado Wyatt/El Dorado EHV transmission line segment 
(located offsite from the refinery) due to a 75 kilo amps (kA) lightning strike near Structures 513 
and 474 on the El Dorado EHV - El Dorado Donan Station and El Dorado EHV - El Dorado 115 
kV Station, respectively.  Once this trip occurred, the El Dorado EHV Station also tripped based 
on information provided by the electrical utility provider (Entergy).  These power disruptions 
impacted the EDR electrical load that resulted in a loss of the SRU which led to an increase in SO2 
emissions from the SRU Incinerator.  The Sodium Hydrogen Sulfide (NaHS) Unit was 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas Incident (October 7-8, 2019) 
Investigation and Root Cause 
 
subsequently placed into operation to reduce SO2 emissions as troubleshooting efforts occurred on 
October 7-8, 2019. 
 
Root Cause: 
    
Autotransformer trip at Entergy’s El Dorado Wyatt/El Dorado EHV station (located offsite from 
the refinery) due to a suspected lightning strike.  The trip caused a voltage sag for a period of time 
resulting in a power disruption at the EDR.  
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Operations personnel evaluated 
the SRU following the power 
disruption, and unit was safely 
restarted following standard 
operating procedure. 


Chris Thomas Area Supervisor 11/7/19 11/8/19 


Evaluate EDR power plans for 
continuous improvement 
opportunities. 


Jeff Seelbach 
Luis Ovalle 


Electrical Engineer 
Electrical Engineer 


10/8/19 11/13/19 


 
 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas Incident 
(October 7-8, 2019) 
Emissions Quantity 


 
 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 


PPM (dry, 
@ % O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 
10/7/2019 3:00 997.94 252.15 22.28 137266.67 11.15 466.74 0.02 


10/7/2019 4:00 1078.79 327.62 22.15 122224.70 12.10 455.81 0.68 


10/7/2019 5:00 974.89 394.23 37.11 213141.55 8.78 566.39 3.01 


10/7/2019 6:00 582.18 427.68 25.06 267095.19 4.06 469.20 6.46 


10/7/2019 7:00 562.19 459.23 35.92 385793.30 2.32 499.88 12.13 


10/7/2019 8:00 832.14 513.52 35.34 262401.83 8.35 500.23 7.01 


10/7/2019 9:00 915.08 574.82 36.60 238173.78 9.58 496.49 7.08 


10/7/2019 10:00 924.88 636.83 36.24 236126.79 9.71 495.92 8.26 


10/7/2019 11:00 881.41 694.91 35.02 242548.53 9.11 498.08 10.29 


10/7/2019 12:00 845.37 749.90 32.91 241057.32 8.64 496.67 11.95 


10/7/2019 13:00 894.64 807.43 36.41 240577.92 9.33 495.99 12.54 


10/7/2019 14:00 908.23 866.48 36.05 240561.98 9.50 496.20 13.67 


10/7/2019 15:00 897.71 858.13 34.62 233481.53 9.37 496.23 13.24 


10/7/2019 16:00 814.66 836.12 32.88 235006.54 8.85 470.52 13.42 


10/7/2019 17:00 812.17 822.55 31.03 239615.16 8.68 475.74 13.56 


10/7/2019 18:00 848.53 844.75 34.82 246549.12 8.66 497.84 14.52 


10/7/2019 19:00 558.10 844.41 35.00 383520.53 2.29 497.15 34.31 


10/7/2019 20:00 609.62 825.87 40.25 401755.34 3.92 495.64 31.77 


10/7/2019 21:00 598.79 799.51 33.86 340015.40 3.62 495.16 26.10 


10/7/2019 22:00 586.19 771.28 33.85 350235.05 3.25 495.20 26.05 


10/7/2019 23:00 583.90 746.49 36.11 361010.64 3.15 495.95 25.72 


10/8/2019 0:00 584.29 724.74 35.64 368463.90 3.19 495.21 25.04 


10/8/2019 1:00 593.68 699.66 35.31 368584.30 3.46 495.62 23.37 


10/8/2019 2:00 599.50 673.93 37.12 373053.57 3.64 495.26 22.07 


10/8/2019 3:00 591.83 648.44 36.68 374432.50 3.42 495.34 21.09 


10/8/2019 4:00 502.65 622.44 29.66 352124.98 3.55 417.46 18.40 


10/8/2019 5:00 580.08 603.10 36.55 373543.17 3.05 495.58 19.04 


10/8/2019 6:00 549.70 578.19 34.14 377158.77 3.22 465.18 17.70 


10/8/2019 7:00 579.92 580.01 36.19 375734.19 3.06 495.20 17.89 


10/8/2019 8:00 585.18 577.98 35.57 368016.71 3.22 495.29 17.26 







10/8/2019 9:00 521.95 571.57 30.00 328058.90 3.89 425.03 14.51 


10/8/2019 10:00 230.05 541.89 12.38 316968.72 4.08 185.23 12.58 


10/8/2019 11:00 179.09 508.16 9.29 316424.39 4.05 144.45 11.13 


10/8/2019 12:00 156.98 472.55 8.38 315003.18 4.22 125.38 9.46 


10/8/2019 13:00 322.57 449.96 16.26 298877.07 13.79 110.21 3.44 


10/8/2019 14:00 124.70 410.39 5.42 298917.71 4.45 98.18 6.38 


 Tail Gas Total 
Amount of SO2 


lbs 531.1 
tons 0.27 


 












United States of America et. al. v. Lion Oil Company 







Delek USA El Dorado, Arkansas Refinery 







U.S. EPA Region 6 Consolidated Flaring Report Response 
Delek USA – El Dorado Refinery 


Tail Gas Flaring Events 
 
The following table provides a summary of the incidents reported: 
 


Incident Date Report 
Date 


Incident 
Type 


Applicable CD 
Paragraph 


Tons 
Released 


Penalty Amount 
Assessed 


6/26/2019 8/9/2019 TG 20.C.iii.b 1.53 $0 
8/25-31/2019 10/15/2019 TG 20.C.iii.b 0.57 $0 
10/7-8/2019 11/18/2019 TG 20.C.iii.b 0.27 $0 
10/17-19/2019 11/21/2019 TG 20.C.iii.b 0.86 $0 


 
The following summaries outline EPA’s determinations for each incident:  
 
June 26, 2019 – Delek reported a tail gas flaring incident that occurred on June 26, 2019. 
According to Delek’s report, the incident resulted in the release of 1.53 tons of SO2 during start-
up of the sulfur recovery unit following a plant-wide power outage. 
 
The root cause of the power outage was electrical failure at the El Dorado East and West 
Substations that occurred during severe weather. Because this incident occurred as a result of 
electrical failure that was not within Delek’s ability to predict or control, EPA has determined 
this to be a first-time occurrence under Paragraph 20.C.iii.b, and the demand for a stipulated 
penalty is waived. 
 
August 25-31, 2019 – Delek reported a tail gas flaring incident that occurred August 25-31, 
2019. According to Delek’s report, the incident resulted in the release of 0.57 tons of SO2 due to 
a loss of acid gas feed. 
 
The root cause analysis determined that the loss of acid gas feed was due to electrical issues from 
an offsite provider. The refinery had to switch to low flow operating procedures until the acid 
gas issue was resolved. Because this incident occurred as a result of electrical failure that was not 
within Delek’s ability to predict or control, EPA has determined this to be a first-time occurrence 
under Paragraph 20.C.iii.b, and the demand for a stipulated penalty is waived. 
 
October 7-8, 2019 – Delek reported a tail gas flaring incident that occurred October 7-8, 2019. 
According to Delek’s report, the incident resulted in the release of 0.27 tons of SO2 when the 
refinery experienced power disruption from an electric utility provider. 
 
The root cause of the power outage was electrical failure of a portion of offsite power grid due to 
lightning strike. The power disruption impacted the refinery’s electrical load, resulting in 
tripping the sulfur recovery unit. Because this incident occurred as a result of electrical failure 
that was not within Delek’s ability to predict or control, EPA has determined this to be a first-
time occurrence under Paragraph 20.C.iii.b, and the demand for a stipulated penalty is waived. 
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 Phillips 66 Borger Refinery 
 TGI Incidents (01/01/2018 – 04/24/2018) 
 
 
October 17-19, 2019 – Delek reported a tail gas flaring incident that occurred October 17-19, 
2019. According to Delek’s report, the incident resulted in the release of 0.86 tons of SO2 when 
the refinery experienced electrical and utility disruptions. 
 
The root cause of the electrical and utility disruptions was a defective insulator that resulted in an 
arcing fault and subsequent failure of a 2400-volt power line, resulting in a significant voltage 
drop and leading to multiple process shutdowns. Because this incident occurred as a result of 
electrical failure that was not within Delek’s ability to predict or control, EPA has determined 
this to be a first-time occurrence under Paragraph 20.C.iii.b, and the demand for a stipulated 
penalty is waived. 
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2019 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 300,000 0.3 30,000 0.3 30,000 0.3 149 120.00 0.018 0.072
2- Vac Truck 194,000 1.7 133,000 1.1 24,000 2.3 817 149.15 0.122 0.487
3 - WWTP Feed 500 2,100 510 2,050 650 2,002 1,019,365 0.55 0.563 2.251
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.703 2.810
















 


 


APPENDIX A 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas and Hydrocarbon Incident  
(October 17-19, 2019)  


Investigation and Reporting 
 
Consent Decree Paragraph §20. A – Investigation and Reporting 
 
Per Paragraph 20: Tail Gas Incidents “For Tail Gas Incidents, Lion Oil shall follow 
the same investigative, reporting, corrective action and assessment of stipulated 
penalty procedures as those outlined in Paragraphs 20.A - 20.C for Acid Gas Flaring 
Incidents.  Those procedures shall be applied to TGU shutdowns, bypasses of a TGU, 
unscheduled shutdowns of a Sulfur Recovery Plant, or other miscellaneous 
unscheduled Sulfur Recovery Plant events which result in a Tail Gas Incident.  The 
investigative and corrective action procedures are applicable through and after 
termination of the Consent Decree.” 


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To the 


extent that the Acid Gas Flaring Incident involved multiple releases either within 
a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Tail Gas and Hydrocarbon Flaring Incident commenced on October 17, 2019, at 
approximately 2308 hours and lasted until approximately 0000 hours on October 19, 
2019. 


 


ii.  An estimate of the quantity of sulfur dioxide that was emitted and the calculations 
that were used to determine that quantity; 


 


Response:  


Approximately a total of 0.86 tons (~ 1,717 lbs) of sulfur dioxide was emitted during 
the Tail Gas and Hydrocarbon Flaring Incident.  Appendix C of this response includes 
the calculation method specified under Paragraph §20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of sulfur 


dioxide emissions associated with the Acid Gas Flaring Incident; 
  


  







 


Response:  
 
El Dorado Refinery (EDR) Operations and Maintenance personnel responded in 
a safe manner consistent with minimizing the duration and emissions from the 
Incident.  


  
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes of 


that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains the refinery’s analysis of the Root Cause 
and all contributing causes of the Tail Gas and Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood of 


a recurrence of an Acid Gas Flaring Incident resulting from the same Root Cause 
or contributing causes in the future. The analysis shall discuss the alternatives, if 
any, that are available, the probable effectiveness and cost of the alternatives, and 
whether or not an outside consultant should be retained to assist in the analysis. 
Possible design, operation and maintenance changes shall be evaluated. If Lion 
Oil concludes that corrective action(s) is (are) required under Paragraph 20.B, 
the report shall include a description of the action(s) and, if not already 
completed, a schedule for its (their) implementation, including proposed 
commencement and completion dates. If Lion Oil concludes that corrective action 
is not required under Paragraph 20.B, the report shall explain the basis for that 
conclusion; 


 
Response:  
Appendix B of this response contains the refinery’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood of 
recurrence of a Tail Gas and/or Hydrocarbon Flaring Incident resulting from the 
same Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether or  
not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an Acid  
Gas Flaring  Incident  falls under  Paragraph  20.C.iii  of this  Decree, describes 
which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if an Acid Gas 
Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 20.C.iii.b, states 
whether or not Lion Oil asserts a defense to the Flaring Incident, and if so, a 
description  of the defense; and 


 
Response: 
Best pollution control practices were implemented to minimize emissions.  
 
During the Tail Gas Incident, the EDR experienced sulfur dioxide emissions at a rate 
greater than 20.0 pounds for a total of five (5) hours.  Three (3) Tail Gas Incidents 







 


occurred in a rolling 12-month period prior to the Tail Gas Incident on October 17-19, 
2019. 
 


vii. To the extent that investigations of the causes and/or possible corrective actions 
still are underway on the due date of the report, a statement of the anticipated date 
by which a follow-up report fully conforming to the requirements of this 
Paragraph 20.A.iv and 20.A.v shall be submitted; provided, however, that if Lion 
Oil has not submitted a report or a series of reports containing the information 
required to be submitted under this Paragraph within the 45 day time period set 
forth in Paragraph 20.A (or such additional time as EPA may allow) after the due 
date for the initial report for the Acid Gas Flaring Incident, the stipulated penalty 
provisions of Paragraph 49 shall apply, but Lion Oil shall retain the right to 
dispute, under the dispute resolution provision of this Consent Decree, any 
demand for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set forth.  
Nothing in this Paragraph shall be deemed to excuse Lion Oil from its 
investigation, reporting, and corrective action obligations under this Section for 
any Acid Gas Flaring Incident which occurs after an Acid Gas Flaring Incident 
for which Lion Oil has requested an extension of time under this Paragraph 20.B. 
 
Response:   
The investigation into the cause of the Tail Gas and Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph §20.A.iv and 
provided in Appendix B of this response, has been identified and hereby submitted 
within the 45-day time period following the Tail Gas and Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), if any, 


is not finalized at the time of the submission of the report required under this 
Paragraph, then, by no later than thirty (30) days after completion of the 
implementation of corrective action(s), Lion Oil shall submit a report identifying 
the corrective action(s) taken and the dates of commencement and completion of 
implementation. 
 
Response:  
As of the date of this report, the EDR has completed the implementation of the 
corrective actions identified in the Root Cause Analysis as described in Appendix 
B. 
 


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas and Hydrocarbon Flaring Incident (October 17-19, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident Type:  
Tail Gas and 
Hydrocarbon Flaring 


Incident Start 
Date: 


October 17, 2019 Time: ~ 2308 hours 


Incident End 
Date: 


October 19, 2019 Time:  ~ 0000 hours 


Investigation 
Start Date: 


October 17, 2019 
Incident 
Duration: 


1,492 minutes * 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs: ~ 1,717 tons: 0.86 
*Note: See table below for information about the event times and associated source. 
 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


10/17-18/2019 2308 - 2216 hours* 1,388  LP Flare (SN-823) 


10/18-19/2019 0000 – 0000 hours 1,440 
SRU Incinerator Stack 


(SN-844) 
*Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Eric Bediako Reliability Superintendent 
2. Jeff Seelbach Electrical Engineer 
3. Luis Ovalle Electrical Engineer 
4. Leo Alvarez Rotational Electrical Engineer 
5. Damon Goodwin Electrical Contractor, Evers Electric 
6. Paul Drydale Process Safety Specialist 


 
Investigation & Analysis: 
 
On October 17, 2019, at approximately 2308 hours the El Dorado Refinery (EDR) experienced a 
Tail Gas and Hydrocarbon Flaring incident that lasted until approximately 0000 hours on October 
19, 2019.  
 
Sulfur dioxide (SO2) emissions occurred from the Sulfur Recovery Unit (SRU) and Low Pressure 
(LP) Flare when the EDR experienced an electrical and utility interruption that affected multiple 
unit operations.  The interruption was caused by a defective insulator that resulted in an arcing 
fault on Phase B and subsequent failure of the 2400 volt (V) south power line on Pole 40 located 
at the Main Substation.  The loss of the circuit line resulted in a significant voltage drop that 
initiated EDR multiple process unit shutdowns which led to an increase in SO2 emissions from the 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Tail Gas & Hydrocarbon Flaring Incident (October 17-19, 2019) 
Investigation and Root Cause 
 
SRU and LP Flare. Once the electrical infrastructure was evaluated and repaired, Operations safely 
and methodically restarted units following standard operating procedures.   
 
Root Cause: 
    
The direct cause of the power disruption was attributed to a defective insulator that resulted in an 
arcing fault and subsequent failure of a 2400 V circuit line on pole 40 at the Main Substation.  The 
loss of the circuit line caused a significant voltage drop resulting in EDR multiple process unit 
shutdowns.  The refinery also identified current electrical repair and maintenance strategies to 
prevent incident reoccurrence and for continuous improvement opportunities.   
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Replaced insulator and 
damaged conductors.  Added a 
secondary split bolt to increase 
surface area. 


Damon 
Goodwin 


Electrical Contractor 
(Evers Electric) 


10/19/19 10/19/19 


Evaluate EDR power plans for 
continuous improvement 
opportunities. 


Jeff Seelbach 
Luis Ovalle 


Electrical Engineer 
Electrical Engineer 


10/17/19 11/12/19 


 
 
 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Tail Gas and Hydrocarbon Flaring Incident 
(October 17-19, 2019) 
Emissions Quantity 


 
The following Tail Gas incident data that populates the table below is from the SRU Incinerator Stack (SN-
844). 


 


Date/Time 


INCIN 
STACK 


SO2 PPM 
(dry, 0% 


O2) 


SO2 ppm 
Rolling 12 


hour 
average 
(dry, 0% 


O2) 


INCIN 
STACK 


SO2 -
LBH 


INCIN 
STACK 
FLOW 
RATE -


dscfh 


INCIN 
STACK 


%O2 


INCIN 
STACK SO2 
PPM (dry, 
@ % O2) 


ERTGI 
Determination 


for Consent 
Decree 


Purposes 


Source of Data CEMS Calculated CEMS PI CEMS Calculated Calculated 
10/18/2019 0:00 1552.10 288.09 35.11 134292.83 14.23 497.75 0.28 
10/18/2019 1:00 1574.08 409.13 33.90 132396.89 14.33 497.51 1.12 
10/18/2019 2:00 1568.30 529.46 32.61 129088.03 14.30 497.54 1.92 
10/18/2019 3:00 1552.83 648.22 32.71 128749.17 14.24 497.45 2.76 
10/18/2019 4:00 1393.86 754.20 34.27 153200.42 12.92 533.77 4.98 
10/18/2019 5:00 1039.14 830.26 31.66 183867.76 11.75 456.34 7.90 
10/18/2019 6:00 939.77 897.33 38.18 248971.92 9.81 499.62 14.45 
10/18/2019 7:00 966.99 966.81 42.61 266567.80 10.20 495.98 16.53 
10/18/2019 8:00 977.85 1036.75 43.30 274026.26 10.32 496.13 18.45 
10/18/2019 9:00 990.74 1108.15 45.03 271172.31 10.46 496.09 19.65 


10/18/2019 10:00 800.11 1165.35 36.40 270128.56 8.94 458.48 23.91 
10/18/2019 11:00 970.44 1193.85 43.15 269030.72 10.24 496.07 21.89 
10/18/2019 12:00 740.71 1126.23 36.25 297399.82 6.52 510.17 30.30 
10/18/2019 13:00 586.04 1043.90 30.32 298839.79 5.07 444.20 30.37 
10/18/2019 14:00 384.95 945.29 17.64 268584.03 5.85 277.38 22.72 
10/18/2019 15:00 280.01 839.22 12.31 265707.07 5.27 209.50 19.78 
10/18/2019 16:00 251.24 744.00 11.03 267878.32 5.08 190.25 16.92 
10/18/2019 17:00 257.12 678.83 11.27 262748.42 5.28 192.30 14.23 
10/18/2019 18:00 243.18 620.78 10.20 271992.62 4.91 186.16 13.04 
10/18/2019 19:00 261.59 562.00 12.05 275841.78 4.90 200.34 11.13 
10/18/2019 20:00 238.28 500.37 10.97 278925.03 5.05 180.78 8.95 
10/18/2019 21:00 215.26 435.74 9.91 280939.03 5.12 162.68 6.66 
10/18/2019 22:00 213.41 386.85 9.83 279270.36 5.18 160.63 4.86 
10/18/2019 23:00 218.80 324.22 10.08 281582.51 5.21 164.36 2.65 
10/19/2019 0:00 214.25 280.34 10.17 283604.54 5.11 162.02 1.10 


Tail Gas Total 
Amount of SO2 


lbs 317 
tons 0.16 


 
 







 
Event Overview (Hydrocarbon Flaring Contribution Only) 


Total Amount of 
SO2 (tons) 


Low Pressure (LP) Flare (SN-823) 0.7 


Event (Total) ~ 0.7 


Average SO2 
Emission Rate 


(lb/hr) 


LP Flare (SN-823) 128.9 


Event (Total) 128.9 


 
The hydrocarbon flaring event data that populated the table above is as follows for the Low Pressure Flare 
(SN-823). 
 


Low Pressure Flare (SN-823) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


10/17/2019 11:08 PM 43.65 5.30 0.00020 0.39096 
10/17/2019 11:09 PM 113.58 5.30 0.00051 1.01735 
10/17/2019 11:10 PM 76.15 5.30 0.00034 0.68205 


10/17/2019 11:11 PM 176.36 5.30 0.00079 1.57963 
10/17/2019 11:12 PM 79.18 5.30 0.00035 0.70918 
10/17/2019 11:13 PM 28.92 5.30 0.00013 0.25907 
10/17/2019 11:14 PM 0.29 5.30 0.00000 0.00256 
10/17/2019 11:34 PM 616.95 5.30 0.00276 5.52606 
10/17/2019 11:35 PM 1489.78 5.30 0.00666 13.34395 
10/17/2019 11:36 PM 1663.98 5.30 0.00744 14.90425 
10/17/2019 11:37 PM 1653.30 5.30 0.00740 14.80860 
10/17/2019 11:38 PM 1711.60 5.30 0.00766 15.33076 
10/17/2019 11:39 PM 1712.69 5.30 0.00766 15.34055 
10/17/2019 11:40 PM 1625.64 5.30 0.00727 14.56087 
10/17/2019 11:41 PM 1538.14 5.30 0.00688 13.77709 
10/17/2019 11:42 PM 1499.72 5.30 0.00671 13.43302 
10/17/2019 11:43 PM 1415.31 5.30 0.00633 12.67692 
10/17/2019 11:44 PM 1259.78 5.30 0.00564 11.28385 
10/17/2019 11:45 PM 1203.68 5.30 0.00538 10.78137 
10/17/2019 11:46 PM 1034.40 5.30 0.00463 9.26511 
10/17/2019 11:47 PM 1043.38 5.30 0.00467 9.34551 
10/17/2019 11:48 PM 1126.72 5.30 0.00504 10.09204 
10/17/2019 11:49 PM 1260.14 5.30 0.00564 11.28711 
10/17/2019 11:50 PM 1229.78 5.30 0.00550 11.01514 
10/17/2019 11:51 PM 1292.47 5.30 0.00578 11.57666 
10/17/2019 11:52 PM 1297.32 5.30 0.00580 11.62005 
10/17/2019 11:53 PM 1186.55 5.30 0.00531 10.62792 
10/17/2019 11:54 PM 1422.44 5.30 0.00636 12.74076 







10/17/2019 11:55 PM 1558.39 5.30 0.00697 13.95854 
10/17/2019 11:56 PM 1514.54 5.30 0.00677 13.56572 
10/17/2019 11:57 PM 1428.24 5.30 0.00639 12.79276 
10/17/2019 11:58 PM 1352.30 5.30 0.00605 12.11253 
10/17/2019 11:59 PM 2032.60 5.30 0.00909 18.20601 
10/18/2019 12:00 AM 6162.52 5.30 0.02757 55.19771 
10/18/2019 12:01 AM 1974.06 5.30 0.00883 17.68163 
10/18/2019 12:02 AM 1668.93 5.30 0.00747 14.94861 
10/18/2019 12:03 AM 5036.60 5.30 0.02253 45.11283 
10/18/2019 12:04 AM 2577.98 5.30 0.01153 23.09098 
10/18/2019 12:05 AM 1878.12 5.30 0.00840 16.82232 
10/18/2019 12:06 AM 2219.92 5.30 0.00993 19.88381 
10/18/2019 12:07 AM 2747.87 5.30 0.01229 24.61265 
10/18/2019 12:08 AM 2583.87 5.30 0.01156 23.14371 
10/18/2019 12:09 AM 2339.01 5.30 0.01046 20.95049 
10/18/2019 12:10 AM 2240.56 5.30 0.01002 20.06873 
10/18/2019 12:11 AM 2362.91 5.30 0.01057 21.16460 
10/18/2019 12:12 AM 2170.32 5.30 0.00971 19.43958 
10/18/2019 12:13 AM 2436.60 5.30 0.01090 21.82464 
10/18/2019 12:14 AM 1719.83 1.30 0.00189 3.77847 
10/18/2019 12:15 AM 1285.70 1.30 0.00141 2.82469 
10/18/2019 12:16 AM 2700.29 1.30 0.00296 5.93253 
10/18/2019 12:17 AM 2599.47 1.30 0.00285 5.71103 
10/18/2019 12:18 AM 1135.05 1.30 0.00125 2.49371 
10/18/2019 12:19 AM 1088.49 1.30 0.00119 2.39142 
10/18/2019 12:20 AM 998.05 1.30 0.00110 2.19271 
10/18/2019 12:21 AM 1083.64 1.30 0.00119 2.38075 
10/18/2019 12:22 AM 1850.62 1.30 0.00203 4.06580 
10/18/2019 12:23 AM 1653.70 1.30 0.00181 3.63318 
10/18/2019 12:24 AM 1416.61 1.30 0.00155 3.11230 
10/18/2019 12:25 AM 956.98 1.30 0.00105 2.10248 
10/18/2019 12:26 AM 693.85 1.30 0.00076 1.52440 
10/18/2019 12:27 AM 938.28 1.30 0.00103 2.06140 
10/18/2019 12:28 AM 2485.35 1.30 0.00273 5.46031 
10/18/2019 12:29 AM 2678.18 1.30 0.00294 5.88396 
10/18/2019 12:30 AM 1301.10 1.30 0.00143 2.85852 
10/18/2019 12:31 AM 1054.47 1.30 0.00116 2.31668 
10/18/2019 12:32 AM 1045.13 1.30 0.00115 2.29614 
10/18/2019 12:33 AM 1100.75 1.30 0.00121 2.41835 
10/18/2019 12:34 AM 1025.66 1.30 0.00113 2.25338 
10/18/2019 12:35 AM 873.13 1.30 0.00096 1.91828 
10/18/2019 12:36 AM 725.27 1.30 0.00080 1.59342 
10/18/2019 12:37 AM 472.96 1.30 0.00052 1.03908 
10/18/2019 12:38 AM 382.35 1.30 0.00042 0.84003 
10/18/2019 12:39 AM 1964.80 1.30 0.00216 4.31666 
10/18/2019 12:40 AM 2715.15 1.30 0.00298 5.96519 
10/18/2019 12:41 AM 1477.17 1.30 0.00162 3.24535 







10/18/2019 12:42 AM 615.04 1.30 0.00067 1.35124 
10/18/2019 12:43 AM 243.49 1.30 0.00027 0.53494 
10/18/2019 12:44 AM 146.72 1.30 0.00016 0.32234 
10/18/2019 12:45 AM 156.42 1.30 0.00017 0.34366 
10/18/2019 12:46 AM 213.92 1.30 0.00023 0.46997 
10/18/2019 12:47 AM 511.39 1.30 0.00056 1.12352 
10/18/2019 12:48 AM 501.66 1.30 0.00055 1.10214 
10/18/2019 12:49 AM 224.34 1.30 0.00025 0.49288 
10/18/2019 12:50 AM 149.26 1.30 0.00016 0.32793 
10/18/2019 12:51 AM 172.07 1.30 0.00019 0.37804 
10/18/2019 12:52 AM 2081.76 1.30 0.00228 4.57363 
10/18/2019 12:53 AM 3848.16 1.30 0.00422 8.45442 
10/18/2019 12:54 AM 791.24 1.30 0.00087 1.73835 
10/18/2019 12:55 AM 370.61 1.30 0.00041 0.81424 
10/18/2019 12:56 AM 133.06 1.30 0.00015 0.29234 
10/18/2019 12:57 AM 96.11 1.30 0.00011 0.21115 
10/18/2019 12:58 AM 104.65 1.30 0.00011 0.22992 
10/18/2019 12:59 AM 58.46 1.30 0.00006 0.12844 
10/18/2019 1:00 AM 16.72 1.30 0.00002 0.03674 
10/18/2019 1:01 AM 72.83 1.30 0.00008 0.16000 
10/18/2019 1:02 AM 331.08 1.30 0.00036 0.72739 
10/18/2019 1:03 AM 2287.45 1.30 0.00251 5.02553 
10/18/2019 1:04 AM 1764.07 1.30 0.00194 3.87565 
10/18/2019 1:08 AM 59.43 1.30 0.00007 0.13056 
10/18/2019 1:09 AM 74.91 1.30 0.00008 0.16458 
10/18/2019 1:10 AM 117.33 1.30 0.00013 0.25778 
10/18/2019 1:11 AM 7.54 1.30 0.00001 0.01657 
10/18/2019 1:13 AM 341.62 1.30 0.00037 0.75054 
10/18/2019 1:14 AM 1825.46 0.10 0.00015 0.30850 
10/18/2019 1:15 AM 441.63 0.10 0.00004 0.07464 
10/18/2019 1:16 AM 81.91 0.10 0.00001 0.01384 
10/18/2019 1:17 AM 78.17 0.10 0.00001 0.01321 
10/18/2019 1:18 AM 50.32 0.10 0.00000 0.00850 
10/18/2019 1:19 AM 7.53 0.10 0.00000 0.00127 
10/18/2019 1:23 AM 113.66 0.10 0.00001 0.01921 
10/18/2019 1:24 AM 1160.22 0.10 0.00010 0.19608 
10/18/2019 1:25 AM 875.44 0.10 0.00007 0.14795 
10/18/2019 1:26 AM 8.31 0.10 0.00000 0.00140 
10/18/2019 1:32 AM 398.12 0.10 0.00003 0.06728 
10/18/2019 1:33 AM 1246.94 0.10 0.00011 0.21073 
10/18/2019 1:34 AM 17.56 0.10 0.00000 0.00297 
10/18/2019 1:39 AM 151.63 0.10 0.00001 0.02563 
10/18/2019 1:40 AM 1356.31 0.10 0.00011 0.22922 
10/18/2019 1:41 AM 606.58 0.10 0.00005 0.10251 
10/18/2019 1:46 AM 332.98 0.10 0.00003 0.05627 
10/18/2019 1:47 AM 1610.87 0.10 0.00014 0.27224 
10/18/2019 1:48 AM 347.95 0.10 0.00003 0.05880 







10/18/2019 2:01 AM 701.39 0.10 0.00006 0.11853 
10/18/2019 2:02 AM 14.07 0.10 0.00000 0.00238 
10/18/2019 2:07 AM 264.75 0.10 0.00002 0.04474 
10/18/2019 2:08 AM 1317.94 0.10 0.00011 0.22273 
10/18/2019 2:09 AM 186.61 0.10 0.00002 0.03154 
10/18/2019 2:22 AM 312.08 0.60 0.00016 0.31644 
10/18/2019 2:26 AM 173.61 0.60 0.00009 0.17604 
10/18/2019 2:27 AM 144.84 0.60 0.00007 0.14687 
10/18/2019 8:32 AM 85.15 0.10 0.00001 0.01439 
10/18/2019 8:33 AM 275.60 0.10 0.00002 0.04658 
10/18/2019 8:34 AM 389.18 0.10 0.00003 0.06577 
10/18/2019 8:35 AM 197.22 0.10 0.00002 0.03333 
10/18/2019 8:36 AM 148.87 0.10 0.00001 0.02516 
10/18/2019 8:37 AM 105.54 0.10 0.00001 0.01784 
10/18/2019 8:38 AM 281.06 0.10 0.00002 0.04750 
10/18/2019 8:39 AM 480.63 0.10 0.00004 0.08123 
10/18/2019 8:40 AM 311.57 0.10 0.00003 0.05266 
10/18/2019 8:41 AM 330.31 0.10 0.00003 0.05582 
10/18/2019 8:42 AM 114.86 0.10 0.00001 0.01941 
10/18/2019 8:45 AM 99.95 0.10 0.00001 0.01689 
10/18/2019 8:46 AM 347.18 0.10 0.00003 0.05867 
10/18/2019 8:47 AM 149.78 0.10 0.00001 0.02531 
10/18/2019 8:48 AM 305.43 0.10 0.00003 0.05162 
10/18/2019 8:49 AM 248.34 0.10 0.00002 0.04197 
10/18/2019 8:50 AM 97.08 0.10 0.00001 0.01641 
10/18/2019 8:51 AM 277.09 0.10 0.00002 0.04683 
10/18/2019 8:52 AM 143.23 0.10 0.00001 0.02421 
10/18/2019 8:53 AM 339.95 0.10 0.00003 0.05745 
10/18/2019 8:54 AM 35.36 0.10 0.00000 0.00598 
10/18/2019 8:55 AM 211.48 0.10 0.00002 0.03574 
10/18/2019 8:56 AM 139.20 0.10 0.00001 0.02352 
10/18/2019 8:57 AM 247.09 0.10 0.00002 0.04176 
10/18/2019 9:02 AM 122.06 0.10 0.00001 0.02063 
10/18/2019 9:03 AM 198.15 0.10 0.00002 0.03349 
10/18/2019 9:04 AM 122.03 0.10 0.00001 0.02062 
10/18/2019 9:05 AM 390.23 0.10 0.00003 0.06595 
10/18/2019 9:06 AM 2.41 0.10 0.00000 0.00041 
10/18/2019 9:07 AM 13.65 0.10 0.00000 0.00231 
10/18/2019 9:08 AM 16.05 0.10 0.00000 0.00271 
10/18/2019 9:09 AM 48.61 0.10 0.00000 0.00821 
10/18/2019 9:10 AM 72.23 0.10 0.00001 0.01221 
10/18/2019 9:21 AM 19.06 0.10 0.00000 0.00322 
10/18/2019 9:45 AM 3.90 0.10 0.00000 0.00066 
10/18/2019 9:46 AM 94.58 0.10 0.00001 0.01598 
10/18/2019 9:47 AM 29.82 0.10 0.00000 0.00504 
10/18/2019 9:48 AM 199.23 0.10 0.00002 0.03367 
10/18/2019 9:49 AM 55.92 0.10 0.00000 0.00945 







10/18/2019 9:50 AM 229.72 0.10 0.00002 0.03882 
10/18/2019 9:51 AM 1.15 0.10 0.00000 0.00019 
10/18/2019 10:19 AM 142.06 0.10 0.00001 0.02401 
10/18/2019 10:20 AM 130.00 0.10 0.00001 0.02197 
10/18/2019 10:21 AM 415.03 0.10 0.00004 0.07014 
10/18/2019 10:22 AM 32.73 0.10 0.00000 0.00553 
10/18/2019 10:23 AM 221.27 0.10 0.00002 0.03739 
10/18/2019 10:24 AM 90.19 0.10 0.00001 0.01524 
10/18/2019 10:25 AM 238.05 0.10 0.00002 0.04023 
10/18/2019 10:26 AM 338.22 0.10 0.00003 0.05716 
10/18/2019 10:27 AM 580.52 0.10 0.00005 0.09811 
10/18/2019 10:28 AM 803.74 0.10 0.00007 0.13583 
10/18/2019 10:29 AM 599.07 0.10 0.00005 0.10124 
10/18/2019 10:30 AM 1187.17 0.10 0.00010 0.20063 
10/18/2019 10:31 AM 890.39 0.10 0.00008 0.15048 
10/18/2019 10:32 AM 1189.32 0.10 0.00010 0.20100 
10/18/2019 10:33 AM 675.52 0.10 0.00006 0.11416 
10/18/2019 10:34 AM 905.79 0.10 0.00008 0.15308 
10/18/2019 10:35 AM 879.03 0.10 0.00007 0.14856 
10/18/2019 10:36 AM 1246.24 0.10 0.00011 0.21061 
10/18/2019 10:37 AM 1226.47 0.10 0.00010 0.20727 
10/18/2019 10:38 AM 1122.99 0.10 0.00009 0.18979 
10/18/2019 10:39 AM 1224.95 0.10 0.00010 0.20702 
10/18/2019 10:40 AM 1044.55 0.10 0.00009 0.17653 
10/18/2019 10:41 AM 1243.21 0.10 0.00010 0.21010 
10/18/2019 10:42 AM 1007.37 0.10 0.00009 0.17024 
10/18/2019 10:43 AM 986.71 0.10 0.00008 0.16675 
10/18/2019 10:44 AM 464.43 0.10 0.00004 0.07849 
10/18/2019 10:45 AM 693.68 0.10 0.00006 0.11723 
10/18/2019 10:46 AM 850.65 0.10 0.00007 0.14376 
10/18/2019 10:47 AM 760.49 0.10 0.00006 0.12852 
10/18/2019 10:48 AM 920.83 0.10 0.00008 0.15562 
10/18/2019 10:49 AM 609.30 0.10 0.00005 0.10297 
10/18/2019 10:50 AM 809.42 0.10 0.00007 0.13679 
10/18/2019 10:51 AM 544.57 0.10 0.00005 0.09203 
10/18/2019 10:52 AM 1066.74 0.10 0.00009 0.18028 
10/18/2019 10:53 AM 771.25 0.10 0.00007 0.13034 
10/18/2019 10:54 AM 1041.11 0.10 0.00009 0.17595 
10/18/2019 10:55 AM 929.68 0.10 0.00008 0.15712 
10/18/2019 10:56 AM 1395.58 0.10 0.00012 0.23585 
10/18/2019 10:57 AM 1681.47 0.10 0.00014 0.28417 
10/18/2019 10:58 AM 1971.90 0.10 0.00017 0.33325 
10/18/2019 10:59 AM 2209.70 0.10 0.00019 0.37344 
10/18/2019 11:00 AM 2113.83 0.10 0.00018 0.35724 
10/18/2019 11:01 AM 2435.45 0.10 0.00021 0.41159 
10/18/2019 11:02 AM 1996.47 0.10 0.00017 0.33740 
10/18/2019 11:03 AM 2106.74 0.10 0.00018 0.35604 







10/18/2019 11:04 AM 1131.75 0.10 0.00010 0.19126 
10/18/2019 11:05 AM 1531.38 0.10 0.00013 0.25880 
10/18/2019 11:06 AM 773.14 0.10 0.00007 0.13066 
10/18/2019 11:07 AM 933.91 0.10 0.00008 0.15783 
10/18/2019 11:08 AM 763.62 0.10 0.00006 0.12905 
10/18/2019 11:09 AM 962.43 0.10 0.00008 0.16265 
10/18/2019 11:10 AM 976.74 0.10 0.00008 0.16507 
10/18/2019 11:11 AM 922.03 0.10 0.00008 0.15582 
10/18/2019 11:12 AM 1053.18 0.10 0.00009 0.17799 
10/18/2019 11:13 AM 856.00 0.10 0.00007 0.14466 
10/18/2019 11:14 AM 1174.40 0.10 0.00010 0.19847 
10/18/2019 11:15 AM 877.03 0.10 0.00007 0.14822 
10/18/2019 11:16 AM 1148.43 0.10 0.00010 0.19409 
10/18/2019 11:17 AM 1003.17 0.10 0.00008 0.16954 
10/18/2019 11:18 AM 1385.75 0.10 0.00012 0.23419 
10/18/2019 11:19 AM 1204.66 0.10 0.00010 0.20359 
10/18/2019 11:20 AM 1526.32 0.10 0.00013 0.25795 
10/18/2019 11:21 AM 1411.85 0.10 0.00012 0.23860 
10/18/2019 11:22 AM 1421.46 0.10 0.00012 0.24023 
10/18/2019 11:23 AM 1511.76 0.10 0.00013 0.25549 
10/18/2019 11:24 AM 1453.25 0.10 0.00012 0.24560 
10/18/2019 11:25 AM 1394.19 0.10 0.00012 0.23562 
10/18/2019 11:26 AM 1062.37 0.10 0.00009 0.17954 
10/18/2019 11:27 AM 1359.25 0.10 0.00011 0.22971 
10/18/2019 11:28 AM 1089.34 0.10 0.00009 0.18410 
10/18/2019 11:29 AM 1236.17 0.10 0.00010 0.20891 
10/18/2019 11:30 AM 987.68 0.10 0.00008 0.16692 
10/18/2019 11:31 AM 1238.07 0.10 0.00010 0.20923 
10/18/2019 11:32 AM 825.46 0.10 0.00007 0.13950 
10/18/2019 11:33 AM 1133.11 0.10 0.00010 0.19149 
10/18/2019 11:34 AM 852.83 0.10 0.00007 0.14413 
10/18/2019 11:35 AM 1018.93 0.10 0.00009 0.17220 
10/18/2019 11:36 AM 815.12 0.10 0.00007 0.13776 
10/18/2019 11:37 AM 1053.88 0.10 0.00009 0.17811 
10/18/2019 11:38 AM 896.28 0.10 0.00008 0.15147 
10/18/2019 11:39 AM 1085.02 0.10 0.00009 0.18337 
10/18/2019 11:40 AM 967.76 0.10 0.00008 0.16355 
10/18/2019 11:41 AM 533.86 0.10 0.00005 0.09022 
10/18/2019 11:42 AM 1315.16 0.10 0.00011 0.22226 
10/18/2019 11:43 AM 933.13 0.10 0.00008 0.15770 
10/18/2019 11:44 AM 847.32 0.10 0.00007 0.14320 
10/18/2019 11:45 AM 987.68 0.10 0.00008 0.16692 
10/18/2019 11:46 AM 995.19 0.10 0.00008 0.16819 
10/18/2019 11:47 AM 953.19 6.10 0.00491 9.82639 
10/18/2019 11:48 AM 940.26 6.10 0.00484 9.69312 
10/18/2019 11:49 AM 871.47 6.10 0.00449 8.98396 
10/18/2019 11:50 AM 874.03 6.10 0.00450 9.01035 







10/18/2019 11:51 AM 882.00 6.10 0.00454 9.09254 
10/18/2019 11:52 AM 710.58 6.10 0.00366 7.32539 
10/18/2019 11:53 AM 878.37 6.10 0.00452 9.05512 
10/18/2019 11:54 AM 802.36 6.10 0.00413 8.27153 
10/18/2019 11:55 AM 872.56 6.10 0.00449 8.99527 
10/18/2019 11:56 AM 674.37 6.10 0.00347 6.95208 
10/18/2019 11:57 AM 828.76 6.10 0.00427 8.54373 
10/18/2019 11:58 AM 679.16 6.10 0.00350 7.00145 
10/18/2019 11:59 AM 793.89 6.10 0.00409 8.18418 
10/18/2019 12:00 PM 836.65 6.10 0.00431 8.62504 
10/18/2019 12:01 PM 897.48 6.10 0.00462 9.25211 
10/18/2019 12:02 PM 807.15 6.10 0.00416 8.32086 
10/18/2019 12:03 PM 833.04 6.10 0.00429 8.58782 
10/18/2019 12:04 PM 679.74 6.10 0.00350 7.00739 
10/18/2019 12:05 PM 743.43 6.10 0.00383 7.66402 
10/18/2019 12:06 PM 761.70 6.10 0.00392 7.85234 
10/18/2019 12:07 PM 980.33 6.10 0.00505 10.10626 
10/18/2019 12:08 PM 619.67 6.10 0.00319 6.38820 
10/18/2019 12:09 PM 852.48 6.10 0.00439 8.78824 
10/18/2019 12:10 PM 737.76 6.10 0.00380 7.60557 
10/18/2019 12:11 PM 882.19 6.10 0.00454 9.09445 
10/18/2019 12:12 PM 723.19 6.10 0.00372 7.45539 
10/18/2019 12:13 PM 954.15 6.10 0.00491 9.83630 
10/18/2019 12:14 PM 741.73 6.10 0.00382 7.64653 
10/18/2019 12:15 PM 977.59 6.10 0.00503 10.07798 
10/18/2019 12:16 PM 721.94 6.10 0.00372 7.44245 
10/18/2019 12:17 PM 972.56 6.10 0.00501 10.02611 
10/18/2019 12:18 PM 700.91 6.10 0.00361 7.22567 
10/18/2019 12:19 PM 960.81 6.10 0.00495 9.90495 
10/18/2019 12:20 PM 790.79 6.10 0.00407 8.15230 
10/18/2019 12:21 PM 954.72 6.10 0.00492 9.84225 
10/18/2019 12:22 PM 743.43 6.10 0.00383 7.66398 
10/18/2019 12:23 PM 908.66 6.10 0.00468 9.36738 
10/18/2019 12:24 PM 778.58 6.10 0.00401 8.02637 
10/18/2019 12:25 PM 913.44 6.10 0.00470 9.41665 
10/18/2019 12:26 PM 880.72 6.10 0.00453 9.07937 
10/18/2019 12:27 PM 885.08 6.10 0.00456 9.12432 
10/18/2019 12:28 PM 789.46 6.10 0.00406 8.13851 
10/18/2019 12:29 PM 743.99 6.10 0.00383 7.66979 
10/18/2019 12:30 PM 604.23 6.10 0.00311 6.22898 
10/18/2019 12:31 PM 618.72 6.10 0.00319 6.37838 
10/18/2019 12:32 PM 663.52 6.10 0.00342 6.84021 
10/18/2019 12:33 PM 678.42 6.10 0.00349 6.99382 
10/18/2019 12:34 PM 570.32 6.10 0.00294 5.87938 
10/18/2019 12:35 PM 539.87 6.10 0.00278 5.56551 
10/18/2019 12:36 PM 637.18 6.10 0.00328 6.56870 
10/18/2019 12:37 PM 544.06 6.10 0.00280 5.60873 







10/18/2019 12:38 PM 659.71 6.10 0.00340 6.80099 
10/18/2019 12:39 PM 544.60 6.10 0.00280 5.61426 
10/18/2019 12:40 PM 656.70 6.10 0.00338 6.76997 
10/18/2019 12:41 PM 517.59 6.10 0.00266 5.33586 
10/18/2019 12:42 PM 723.51 6.10 0.00372 7.45862 
10/18/2019 12:43 PM 452.70 6.10 0.00233 4.66692 
10/18/2019 12:44 PM 782.08 6.10 0.00403 8.06247 
10/18/2019 12:45 PM 509.67 6.10 0.00262 5.25420 
10/18/2019 12:46 PM 646.80 6.10 0.00333 6.66788 
10/18/2019 12:47 PM 410.47 1.10 0.00038 0.76307 
10/18/2019 12:48 PM 739.30 1.10 0.00069 1.37436 
10/18/2019 12:49 PM 380.74 1.10 0.00035 0.70780 
10/18/2019 12:50 PM 715.21 1.10 0.00066 1.32958 
10/18/2019 12:51 PM 423.18 1.10 0.00039 0.78670 
10/18/2019 12:52 PM 698.86 1.10 0.00065 1.29918 
10/18/2019 12:53 PM 355.00 1.10 0.00033 0.65994 
10/18/2019 12:54 PM 816.61 1.10 0.00076 1.51807 
10/18/2019 12:55 PM 421.07 1.10 0.00039 0.78276 
10/18/2019 12:56 PM 720.75 1.10 0.00067 1.33988 
10/18/2019 12:57 PM 382.95 1.10 0.00036 0.71190 
10/18/2019 12:58 PM 721.43 1.10 0.00067 1.34113 
10/18/2019 12:59 PM 343.90 1.10 0.00032 0.63931 
10/18/2019 1:00 PM 728.80 1.10 0.00068 1.35484 
10/18/2019 1:01 PM 470.05 1.10 0.00044 0.87382 
10/18/2019 1:02 PM 750.00 1.10 0.00070 1.39426 
10/18/2019 1:03 PM 367.73 1.10 0.00034 0.68361 
10/18/2019 1:04 PM 685.19 1.10 0.00064 1.27376 
10/18/2019 1:05 PM 381.07 1.10 0.00035 0.70840 
10/18/2019 1:06 PM 722.91 1.10 0.00067 1.34389 
10/18/2019 1:07 PM 459.42 1.10 0.00043 0.85405 
10/18/2019 1:08 PM 668.42 1.10 0.00062 1.24258 
10/18/2019 1:09 PM 422.65 1.10 0.00039 0.78571 
10/18/2019 1:10 PM 744.80 1.10 0.00069 1.38458 
10/18/2019 1:11 PM 413.23 1.10 0.00038 0.76819 
10/18/2019 1:12 PM 730.89 1.10 0.00068 1.35872 
10/18/2019 1:13 PM 500.41 1.10 0.00046 0.93026 
10/18/2019 1:14 PM 803.51 1.10 0.00075 1.49372 
10/18/2019 1:15 PM 486.80 1.10 0.00045 0.90497 
10/18/2019 1:16 PM 727.14 1.10 0.00068 1.35175 
10/18/2019 1:17 PM 416.94 1.10 0.00039 0.77508 
10/18/2019 1:18 PM 743.19 1.10 0.00069 1.38160 
10/18/2019 1:19 PM 548.02 1.10 0.00051 1.01877 
10/18/2019 1:20 PM 807.98 1.10 0.00075 1.50203 
10/18/2019 1:21 PM 487.04 1.10 0.00045 0.90541 
10/18/2019 1:22 PM 785.15 1.10 0.00073 1.45960 
10/18/2019 1:23 PM 651.53 1.10 0.00060 1.21119 
10/18/2019 1:24 PM 853.03 1.10 0.00079 1.58578 







10/18/2019 1:25 PM 549.46 1.10 0.00051 1.02144 
10/18/2019 1:26 PM 732.06 1.10 0.00068 1.36090 
10/18/2019 1:27 PM 567.90 1.10 0.00053 1.05573 
10/18/2019 1:28 PM 746.27 1.10 0.00069 1.38731 
10/18/2019 1:29 PM 580.97 1.10 0.00054 1.08003 
10/18/2019 1:30 PM 535.69 1.10 0.00050 0.99584 
10/18/2019 1:31 PM 552.19 1.10 0.00051 1.02653 
10/18/2019 1:32 PM 1383.52 1.10 0.00128 2.57197 
10/18/2019 1:33 PM 469.43 1.10 0.00044 0.87268 
10/18/2019 1:34 PM 823.88 1.10 0.00076 1.53160 
10/18/2019 1:35 PM 785.07 1.10 0.00073 1.45945 
10/18/2019 1:36 PM 780.05 1.10 0.00072 1.45011 
10/18/2019 1:37 PM 772.29 1.10 0.00072 1.43570 
10/18/2019 1:38 PM 780.62 1.10 0.00072 1.45117 
10/18/2019 1:39 PM 830.73 1.10 0.00077 1.54432 
10/18/2019 1:40 PM 673.95 1.10 0.00063 1.25288 
10/18/2019 1:41 PM 737.28 1.10 0.00068 1.37061 
10/18/2019 1:42 PM 673.16 1.10 0.00062 1.25141 
10/18/2019 1:43 PM 623.25 1.10 0.00058 1.15862 
10/18/2019 1:44 PM 676.98 1.10 0.00063 1.25851 
10/18/2019 1:45 PM 671.53 1.10 0.00062 1.24837 
10/18/2019 1:46 PM 729.31 1.10 0.00068 1.35578 
10/18/2019 1:47 PM 610.35 0.60 0.00031 0.61890 
10/18/2019 1:48 PM 565.62 0.60 0.00029 0.57354 
10/18/2019 1:49 PM 714.88 0.60 0.00036 0.72489 
10/18/2019 1:50 PM 706.91 0.60 0.00036 0.71680 
10/18/2019 1:51 PM 593.19 0.60 0.00030 0.60149 
10/18/2019 1:52 PM 714.19 0.60 0.00036 0.72419 
10/18/2019 1:53 PM 544.77 0.60 0.00028 0.55240 
10/18/2019 1:54 PM 577.97 0.60 0.00029 0.58606 
10/18/2019 1:55 PM 659.22 0.60 0.00033 0.66845 
10/18/2019 1:56 PM 628.22 0.60 0.00032 0.63701 
10/18/2019 1:57 PM 697.16 0.60 0.00035 0.70693 
10/18/2019 1:58 PM 563.95 0.60 0.00029 0.57185 
10/18/2019 1:59 PM 498.39 0.60 0.00025 0.50537 
10/18/2019 2:00 PM 641.99 0.60 0.00033 0.65098 
10/18/2019 2:01 PM 510.34 0.60 0.00026 0.51749 
10/18/2019 2:02 PM 568.71 0.60 0.00029 0.57667 
10/18/2019 2:03 PM 587.82 0.60 0.00030 0.59605 
10/18/2019 2:04 PM 518.97 0.60 0.00026 0.52623 
10/18/2019 2:05 PM 639.73 0.60 0.00032 0.64869 
10/18/2019 2:06 PM 619.49 0.60 0.00031 0.62816 
10/18/2019 2:07 PM 629.26 0.60 0.00032 0.63807 
10/18/2019 2:08 PM 621.99 0.60 0.00031 0.63070 
10/18/2019 2:09 PM 630.85 0.60 0.00032 0.63968 
10/18/2019 2:10 PM 497.57 0.60 0.00025 0.50454 
10/18/2019 2:11 PM 555.56 0.60 0.00028 0.56334 







10/18/2019 2:12 PM 608.73 0.60 0.00031 0.61725 
10/18/2019 2:13 PM 508.88 0.60 0.00026 0.51600 
10/18/2019 2:14 PM 690.83 0.60 0.00035 0.70050 
10/18/2019 2:15 PM 691.25 0.60 0.00035 0.70092 
10/18/2019 2:16 PM 537.39 0.60 0.00027 0.54491 
10/18/2019 2:17 PM 526.21 0.60 0.00027 0.53358 
10/18/2019 2:18 PM 511.32 0.60 0.00026 0.51848 
10/18/2019 2:19 PM 584.65 0.60 0.00030 0.59283 
10/18/2019 2:20 PM 557.84 0.60 0.00028 0.56565 
10/18/2019 2:21 PM 590.09 0.60 0.00030 0.59835 
10/18/2019 2:22 PM 598.22 0.60 0.00030 0.60660 
10/18/2019 2:23 PM 698.82 0.60 0.00035 0.70861 
10/18/2019 2:24 PM 807.04 0.60 0.00041 0.81834 
10/18/2019 2:25 PM 527.93 0.60 0.00027 0.53532 
10/18/2019 2:26 PM 457.82 0.60 0.00023 0.46422 
10/18/2019 2:27 PM 610.31 0.60 0.00031 0.61886 
10/18/2019 2:28 PM 604.32 0.60 0.00031 0.61278 
10/18/2019 2:29 PM 321.15 0.60 0.00016 0.32565 
10/18/2019 2:30 PM 559.00 0.60 0.00028 0.56683 
10/18/2019 2:31 PM 708.34 0.60 0.00036 0.71826 
10/18/2019 2:32 PM 607.30 0.60 0.00031 0.61580 
10/18/2019 2:33 PM 679.87 0.60 0.00034 0.68939 
10/18/2019 2:34 PM 655.48 0.60 0.00033 0.66465 
10/18/2019 2:35 PM 435.25 0.60 0.00022 0.44134 
10/18/2019 2:36 PM 462.74 0.60 0.00023 0.46922 
10/18/2019 2:37 PM 715.79 0.60 0.00036 0.72581 
10/18/2019 2:38 PM 928.66 0.60 0.00047 0.94166 
10/18/2019 2:39 PM 1267.03 0.60 0.00064 1.28477 
10/18/2019 2:40 PM 1581.01 0.60 0.00080 1.60315 
10/18/2019 2:41 PM 1637.26 0.60 0.00083 1.66018 
10/18/2019 2:42 PM 1575.23 0.60 0.00080 1.59729 
10/18/2019 2:43 PM 1625.93 0.60 0.00082 1.64870 
10/18/2019 2:44 PM 1747.19 0.60 0.00088 1.77165 
10/18/2019 2:45 PM 1687.76 0.60 0.00085 1.71139 
10/18/2019 2:46 PM 1958.67 0.60 0.00099 1.98609 
10/18/2019 2:47 PM 1994.38 0.20 0.00034 0.67410 
10/18/2019 2:48 PM 2037.90 0.20 0.00034 0.68881 
10/18/2019 2:49 PM 2060.48 0.20 0.00035 0.69644 
10/18/2019 2:50 PM 1977.21 0.20 0.00033 0.66830 
10/18/2019 2:51 PM 1986.98 0.20 0.00034 0.67160 
10/18/2019 2:52 PM 1934.58 0.20 0.00033 0.65389 
10/18/2019 2:53 PM 1884.34 0.20 0.00032 0.63691 
10/18/2019 2:54 PM 1777.02 0.20 0.00030 0.60063 
10/18/2019 2:55 PM 1743.50 0.20 0.00029 0.58930 
10/18/2019 2:56 PM 1867.27 0.20 0.00032 0.63114 
10/18/2019 2:57 PM 1970.16 0.20 0.00033 0.66591 
10/18/2019 2:58 PM 2044.55 0.20 0.00035 0.69106 







10/18/2019 2:59 PM 2060.07 0.20 0.00035 0.69631 
10/18/2019 3:00 PM 2158.36 0.20 0.00036 0.72953 
10/18/2019 3:01 PM 2103.02 0.20 0.00035 0.71082 
10/18/2019 3:02 PM 2092.14 0.20 0.00035 0.70714 
10/18/2019 3:03 PM 2148.74 0.20 0.00036 0.72628 
10/18/2019 3:04 PM 2067.25 0.20 0.00035 0.69873 
10/18/2019 3:05 PM 1988.04 0.20 0.00034 0.67196 
10/18/2019 3:06 PM 2005.26 0.20 0.00034 0.67778 
10/18/2019 3:07 PM 1744.06 0.20 0.00029 0.58949 
10/18/2019 3:08 PM 1725.71 0.20 0.00029 0.58329 
10/18/2019 3:09 PM 1710.35 0.20 0.00029 0.57810 
10/18/2019 3:10 PM 1708.18 0.20 0.00029 0.57736 
10/18/2019 3:11 PM 1528.16 0.20 0.00026 0.51652 
10/18/2019 3:12 PM 1504.46 0.20 0.00025 0.50851 
10/18/2019 3:13 PM 1130.16 0.20 0.00019 0.38199 
10/18/2019 3:14 PM 1223.89 0.20 0.00021 0.41367 
10/18/2019 3:15 PM 1296.27 0.20 0.00022 0.43814 
10/18/2019 3:16 PM 1175.55 0.20 0.00020 0.39734 
10/18/2019 3:17 PM 1092.44 0.20 0.00018 0.36925 
10/18/2019 3:18 PM 987.15 0.20 0.00017 0.33366 
10/18/2019 3:19 PM 1024.30 0.20 0.00017 0.34621 
10/18/2019 3:20 PM 1101.43 0.20 0.00019 0.37228 
10/18/2019 3:21 PM 1031.78 0.20 0.00017 0.34874 
10/18/2019 3:22 PM 948.14 0.20 0.00016 0.32047 
10/18/2019 3:23 PM 972.52 0.20 0.00016 0.32871 
10/18/2019 3:24 PM 1109.16 0.20 0.00019 0.37489 
10/18/2019 3:25 PM 931.33 0.20 0.00016 0.31479 
10/18/2019 3:26 PM 1012.06 0.20 0.00017 0.34208 
10/18/2019 3:27 PM 933.56 0.20 0.00016 0.31554 
10/18/2019 3:28 PM 921.07 0.20 0.00016 0.31132 
10/18/2019 3:29 PM 974.08 0.20 0.00016 0.32924 
10/18/2019 3:30 PM 602.43 0.20 0.00010 0.20362 
10/18/2019 3:31 PM 1056.57 0.20 0.00018 0.35712 
10/18/2019 3:32 PM 610.16 0.20 0.00010 0.20623 
10/18/2019 3:33 PM 969.46 0.20 0.00016 0.32768 
10/18/2019 3:34 PM 953.83 0.20 0.00016 0.32239 
10/18/2019 3:35 PM 1053.78 0.20 0.00018 0.35618 
10/18/2019 3:36 PM 938.81 0.20 0.00016 0.31732 
10/18/2019 3:37 PM 964.86 0.20 0.00016 0.32612 
10/18/2019 3:38 PM 875.56 0.20 0.00015 0.29594 
10/18/2019 3:39 PM 1039.75 0.20 0.00018 0.35143 
10/18/2019 3:40 PM 867.04 0.20 0.00015 0.29306 
10/18/2019 3:41 PM 1056.22 0.20 0.00018 0.35700 
10/18/2019 3:42 PM 888.93 0.20 0.00015 0.30046 
10/18/2019 3:43 PM 1108.39 0.20 0.00019 0.37464 
10/18/2019 3:44 PM 974.25 0.20 0.00016 0.32930 
10/18/2019 3:45 PM 1124.92 0.20 0.00019 0.38022 







10/18/2019 3:46 PM 997.28 0.20 0.00017 0.33708 
10/18/2019 3:47 PM 981.42 0.20 0.00017 0.33172 
10/18/2019 3:48 PM 917.49 0.20 0.00015 0.31011 
10/18/2019 3:49 PM 823.10 0.20 0.00014 0.27821 
10/18/2019 3:50 PM 970.80 0.20 0.00016 0.32813 
10/18/2019 3:51 PM 880.33 0.20 0.00015 0.29755 
10/18/2019 3:52 PM 1139.07 0.20 0.00019 0.38501 
10/18/2019 3:53 PM 953.50 0.20 0.00016 0.32228 
10/18/2019 3:54 PM 1099.04 0.20 0.00019 0.37147 
10/18/2019 3:55 PM 952.28 0.20 0.00016 0.32187 
10/18/2019 3:56 PM 1077.03 0.20 0.00018 0.36404 
10/18/2019 3:57 PM 1013.13 0.20 0.00017 0.34244 
10/18/2019 3:58 PM 901.93 0.20 0.00015 0.30485 
10/18/2019 3:59 PM 626.57 0.20 0.00011 0.21178 
10/18/2019 4:00 PM 887.77 0.20 0.00015 0.30007 
10/18/2019 4:01 PM 283.53 0.20 0.00005 0.09583 
10/18/2019 4:02 PM 779.50 0.20 0.00013 0.26347 
10/18/2019 4:03 PM 441.51 0.20 0.00007 0.14923 
10/18/2019 4:04 PM 594.67 0.20 0.00010 0.20100 
10/18/2019 4:05 PM 651.44 0.20 0.00011 0.22019 
10/18/2019 4:06 PM 499.05 0.20 0.00008 0.16868 
10/18/2019 4:07 PM 753.90 0.20 0.00013 0.25482 
10/18/2019 4:08 PM 634.08 0.20 0.00011 0.21432 
10/18/2019 4:09 PM 505.96 0.20 0.00009 0.17101 
10/18/2019 4:10 PM 544.12 0.20 0.00009 0.18391 
10/18/2019 4:11 PM 124.43 0.20 0.00002 0.04206 
10/18/2019 4:12 PM 91.97 0.20 0.00002 0.03108 
10/18/2019 4:13 PM 141.16 0.20 0.00002 0.04771 
10/18/2019 4:14 PM 196.39 0.20 0.00003 0.06638 
10/18/2019 4:15 PM 145.04 0.20 0.00002 0.04902 
10/18/2019 4:16 PM 118.76 0.20 0.00002 0.04014 
10/18/2019 4:17 PM 103.94 0.20 0.00002 0.03513 
10/18/2019 4:18 PM 108.40 0.20 0.00002 0.03664 
10/18/2019 4:19 PM 186.17 0.20 0.00003 0.06292 
10/18/2019 4:20 PM 127.44 0.20 0.00002 0.04307 
10/18/2019 4:21 PM 101.03 0.20 0.00002 0.03415 
10/18/2019 4:22 PM 97.22 0.20 0.00002 0.03286 
10/18/2019 4:23 PM 131.30 0.20 0.00002 0.04438 
10/18/2019 4:24 PM 97.30 0.20 0.00002 0.03289 
10/18/2019 4:25 PM 126.19 0.20 0.00002 0.04265 
10/18/2019 4:26 PM 176.78 0.20 0.00003 0.05975 
10/18/2019 4:27 PM 179.44 0.20 0.00003 0.06065 
10/18/2019 4:28 PM 185.32 0.20 0.00003 0.06264 
10/18/2019 4:29 PM 215.07 0.20 0.00004 0.07270 
10/18/2019 4:30 PM 254.34 0.20 0.00004 0.08597 
10/18/2019 4:31 PM 283.67 0.20 0.00005 0.09588 
10/18/2019 4:32 PM 244.08 0.20 0.00004 0.08250 







10/18/2019 4:33 PM 231.72 0.20 0.00004 0.07832 
10/18/2019 4:34 PM 211.80 0.20 0.00004 0.07159 
10/18/2019 4:35 PM 296.65 0.20 0.00005 0.10027 
10/18/2019 4:36 PM 285.28 0.20 0.00005 0.09643 
10/18/2019 4:37 PM 221.25 0.20 0.00004 0.07478 
10/18/2019 4:38 PM 193.63 0.20 0.00003 0.06545 
10/18/2019 4:39 PM 224.62 0.20 0.00004 0.07592 
10/18/2019 4:40 PM 340.45 0.20 0.00006 0.11507 
10/18/2019 4:41 PM 229.51 0.20 0.00004 0.07758 
10/18/2019 4:42 PM 138.93 0.20 0.00002 0.04696 
10/18/2019 4:43 PM 110.63 0.20 0.00002 0.03739 
10/18/2019 4:44 PM 160.52 0.20 0.00003 0.05426 
10/18/2019 4:45 PM 233.26 0.20 0.00004 0.07884 
10/18/2019 4:46 PM 281.17 0.20 0.00005 0.09504 
10/18/2019 4:47 PM 231.36 0.20 0.00004 0.07820 
10/18/2019 4:48 PM 189.47 0.20 0.00003 0.06404 
10/18/2019 4:49 PM 216.22 0.20 0.00004 0.07308 
10/18/2019 4:50 PM 220.24 0.20 0.00004 0.07444 
10/18/2019 4:51 PM 201.08 0.20 0.00003 0.06797 
10/18/2019 4:52 PM 183.90 0.20 0.00003 0.06216 
10/18/2019 4:53 PM 176.36 0.20 0.00003 0.05961 
10/18/2019 4:54 PM 190.57 0.20 0.00003 0.06441 
10/18/2019 4:55 PM 164.47 0.20 0.00003 0.05559 
10/18/2019 4:56 PM 168.97 0.20 0.00003 0.05711 
10/18/2019 4:57 PM 183.81 0.20 0.00003 0.06213 
10/18/2019 4:58 PM 217.63 0.20 0.00004 0.07356 
10/18/2019 4:59 PM 203.51 0.20 0.00003 0.06879 
10/18/2019 5:00 PM 220.63 0.20 0.00004 0.07457 
10/18/2019 5:01 PM 241.69 0.20 0.00004 0.08169 
10/18/2019 5:02 PM 234.34 0.20 0.00004 0.07921 
10/18/2019 5:03 PM 241.27 0.20 0.00004 0.08155 
10/18/2019 5:04 PM 206.81 0.20 0.00003 0.06990 
10/18/2019 5:05 PM 186.26 0.20 0.00003 0.06296 
10/18/2019 5:06 PM 181.96 0.20 0.00003 0.06150 
10/18/2019 5:07 PM 209.29 0.20 0.00004 0.07074 
10/18/2019 5:08 PM 196.07 0.20 0.00003 0.06627 
10/18/2019 5:09 PM 172.21 0.20 0.00003 0.05821 
10/18/2019 5:10 PM 170.29 0.20 0.00003 0.05756 
10/18/2019 5:11 PM 170.02 0.20 0.00003 0.05747 
10/18/2019 5:12 PM 157.77 0.20 0.00003 0.05333 
10/18/2019 5:13 PM 161.40 0.20 0.00003 0.05455 
10/18/2019 5:14 PM 170.71 0.20 0.00003 0.05770 
10/18/2019 5:15 PM 138.72 0.20 0.00002 0.04689 
10/18/2019 5:16 PM 175.24 0.20 0.00003 0.05923 
10/18/2019 5:17 PM 178.80 0.20 0.00003 0.06043 
10/18/2019 5:18 PM 187.68 0.20 0.00003 0.06344 
10/18/2019 5:19 PM 169.95 0.20 0.00003 0.05744 







10/18/2019 5:20 PM 152.06 0.20 0.00003 0.05140 
10/18/2019 5:21 PM 183.60 0.20 0.00003 0.06206 
10/18/2019 5:22 PM 165.23 0.20 0.00003 0.05585 
10/18/2019 5:23 PM 196.25 0.20 0.00003 0.06633 
10/18/2019 5:24 PM 248.00 0.20 0.00004 0.08382 
10/18/2019 5:25 PM 268.21 0.20 0.00005 0.09065 
10/18/2019 5:26 PM 305.87 0.20 0.00005 0.10338 
10/18/2019 5:27 PM 311.51 0.20 0.00005 0.10529 
10/18/2019 5:28 PM 406.89 0.20 0.00007 0.13753 
10/18/2019 5:29 PM 421.54 0.20 0.00007 0.14248 
10/18/2019 5:30 PM 453.94 0.20 0.00008 0.15343 
10/18/2019 5:31 PM 471.60 0.20 0.00008 0.15940 
10/18/2019 5:32 PM 460.83 0.20 0.00008 0.15576 
10/18/2019 5:33 PM 452.74 0.20 0.00008 0.15303 
10/18/2019 5:34 PM 400.25 0.20 0.00007 0.13528 
10/18/2019 5:35 PM 328.82 0.20 0.00006 0.11114 
10/18/2019 5:36 PM 254.97 0.20 0.00004 0.08618 
10/18/2019 5:37 PM 255.28 0.20 0.00004 0.08628 
10/18/2019 5:38 PM 194.65 0.20 0.00003 0.06579 
10/18/2019 5:39 PM 179.94 0.20 0.00003 0.06082 
10/18/2019 5:40 PM 183.30 0.20 0.00003 0.06195 
10/18/2019 5:41 PM 161.91 0.20 0.00003 0.05473 
10/18/2019 5:42 PM 162.68 0.20 0.00003 0.05499 
10/18/2019 5:43 PM 147.26 0.20 0.00002 0.04977 
10/18/2019 5:44 PM 123.40 0.20 0.00002 0.04171 
10/18/2019 5:45 PM 116.18 0.20 0.00002 0.03927 
10/18/2019 5:46 PM 142.67 0.20 0.00002 0.04822 
10/18/2019 5:47 PM 158.02 0.20 0.00003 0.05341 
10/18/2019 5:48 PM 341.09 0.20 0.00006 0.11529 
10/18/2019 5:49 PM 514.96 0.20 0.00009 0.17406 
10/18/2019 5:50 PM 197.45 0.20 0.00003 0.06674 
10/18/2019 5:51 PM 136.77 0.20 0.00002 0.04623 
10/18/2019 5:52 PM 84.89 0.20 0.00001 0.02869 
10/18/2019 5:53 PM 77.17 0.20 0.00001 0.02608 
10/18/2019 5:54 PM 71.35 0.20 0.00001 0.02412 
10/18/2019 5:55 PM 94.33 0.20 0.00002 0.03188 
10/18/2019 5:56 PM 81.32 0.20 0.00001 0.02748 
10/18/2019 5:57 PM 91.15 0.20 0.00002 0.03081 
10/18/2019 5:58 PM 99.09 0.20 0.00002 0.03349 
10/18/2019 5:59 PM 66.04 0.20 0.00001 0.02232 
10/18/2019 6:00 PM 91.81 0.20 0.00002 0.03103 
10/18/2019 6:01 PM 134.94 0.20 0.00002 0.04561 
10/18/2019 6:02 PM 126.51 0.20 0.00002 0.04276 
10/18/2019 6:03 PM 124.59 0.20 0.00002 0.04211 
10/18/2019 6:04 PM 178.20 0.20 0.00003 0.06023 
10/18/2019 6:05 PM 181.68 0.20 0.00003 0.06141 
10/18/2019 6:06 PM 182.51 0.20 0.00003 0.06169 







10/18/2019 6:07 PM 69.48 0.20 0.00001 0.02349 
10/18/2019 6:08 PM 43.93 0.20 0.00001 0.01485 
10/18/2019 6:09 PM 34.40 0.20 0.00001 0.01163 
10/18/2019 6:10 PM 37.87 0.20 0.00001 0.01280 
10/18/2019 6:11 PM 43.75 0.20 0.00001 0.01479 
10/18/2019 6:12 PM 8.25 0.20 0.00000 0.00279 
10/18/2019 9:38 PM 156.22 0.20 0.00003 0.05280 
10/18/2019 9:39 PM 283.24 0.20 0.00005 0.09573 
10/18/2019 9:40 PM 216.55 0.20 0.00004 0.07319 
10/18/2019 9:41 PM 10.14 0.20 0.00000 0.00343 
10/18/2019 9:52 PM 36.32 0.20 0.00001 0.01228 
10/18/2019 9:53 PM 1025.09 0.20 0.00017 0.34648 
10/18/2019 9:54 PM 1507.92 0.20 0.00025 0.50968 
10/18/2019 9:55 PM 1671.27 0.20 0.00028 0.56489 
10/18/2019 9:56 PM 781.55 0.20 0.00013 0.26416 
10/18/2019 9:57 PM 331.92 0.20 0.00006 0.11219 
10/18/2019 9:58 PM 98.76 0.20 0.00002 0.03338 
10/18/2019 9:59 PM 31.92 0.20 0.00001 0.01079 
10/18/2019 10:00 PM 46.41 0.20 0.00001 0.01569 
10/18/2019 10:01 PM 27.03 0.20 0.00000 0.00914 
10/18/2019 10:02 PM 60.96 0.20 0.00001 0.02060 
10/18/2019 10:03 PM 52.40 0.20 0.00001 0.01771 
10/18/2019 10:04 PM 23.70 0.20 0.00000 0.00801 
10/18/2019 10:05 PM 56.44 0.20 0.00001 0.01908 
10/18/2019 10:06 PM 47.70 0.20 0.00001 0.01612 
10/18/2019 10:07 PM 31.34 0.20 0.00001 0.01059 
10/18/2019 10:08 PM 19.17 0.20 0.00000 0.00648 
10/18/2019 10:09 PM 7.35 0.20 0.00000 0.00248 
10/18/2019 10:10 PM 66.43 0.20 0.00001 0.02245 
10/18/2019 10:11 PM 213.48 0.20 0.00004 0.07216 
10/18/2019 10:12 PM 653.50 0.20 0.00011 0.22088 
10/18/2019 10:13 PM 1064.92 0.20 0.00018 0.35994 
10/18/2019 10:14 PM 1354.94 0.20 0.00023 0.45797 
10/18/2019 10:15 PM 1262.52 0.20 0.00021 0.42673 
10/18/2019 10:16 PM 160.41 0.20 0.00003 0.05422 
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657
















Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4034 5 0.12%
Alkylation 5 1977 9 0.46%


Isomerization 6 1788 17 0.95%
Fluid Catalytic Cracker 7 553 0 0.00%
Diesel Hydrotreating 8 1435 1 0.07%


Platforming 9 2942 24 0.82%
Tier 2 Gasoline 


Hydrotreater
10


964 0 0.00%


Heavy Oils (Cat Feed) 
Hydrotreating


12
1070


3 0.28%


Gas Concentration & 
Saturated Gas


14
1913 23 1.20%


Tier 2 Gasoline Splitter 14a 390 10 2.56%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 201 0 0.00%
NaHS Unit 18 261 4 1.53%


Hydrogen Unit 25 401 1 0.25%
Treaters Unit 26 498 0 0.00%


Boilers Boilers 574 1 0.17%
Flare Gas Recovery FGRS 217 0 0.00%


Tank Farm TF 3054 11 0.36%
Loading Rack Trk Rack 812 1 0.12%


Total 23,176 110 0.47%


Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,179 17 0.41%
Alkylation 5 2,019 15 0.74%


Isomerization 6 1,828 10 0.55%
Fluid Catalytic Cracker 7 569 2 0.35%
Diesel Hydrotreating 8 1,483 5 0.34%


Platforming 9 2,924 19 0.65%
Tier 2 Gasoline 


Hydrotreater
10 992 0 0.00%


Heavy Oils (Cat Feed) 
Hydrotreating Unit


12 59 2 3.39%


Gas Concentration & 
Saturated Gas


14 1,945 12 0.62%


Tier 2 Gasoline Splitter 14a 393 3 0.76%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 211 0 0.00%
NaHS Unit 18 265 3 1.13%


Hydrogen Unit 25 561 2 0.36%
Treaters Unit 26 506 3 0.59%


Boilers Boilers 565 9 1.59%
Flare Gas Recovery FGRS 223 0 0.00%


Tank Farm TF 3,118 21 0.67%
Loading Rack Trk Rack 813 1 0.12%


Total 22,745 124 0.55%


Leak rates on a process-unit-by-process-unit basis


4th Quarter 2019 Monitoring


3rd Quarter 2019 Monitoring







3rd Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,075               4,019          -            3                -            56             1               -            -            -            -            -            


#5 19                    8                 -            1                -            11             -            -            -            -            -            -            


#6 23                    11               -            4                -            12             -            -            -            -            -            -            


#7 557                  551             -            -             -            6               -            -            -            -            -            -            


#8 1,432               1,427          -            1                -            5               -            -            -            -            -            -            


#9 43                    17               -            4                -            26             2               -            -            -            -            -            


#10 968                  963             -            -             -            5               -            -            -            -            -            -            


#12 9                      5                 -            -             -            4               -            -            -            -            -            -            


#14 54                    13               19             4                -            22             -            -            -            -            -            -            


#14a 377                  373             -            8                -            4               -            -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 2                      1                 -            1                -            1               -            -            -            -            -            -            


#25 -                  -              -            -             -            -            -            -            -            -            -            -            


#26 503                  498             -            -             -            5               -            -            -            -            -            -            


Boilers 9                      8                 -            -             -            1               -            -            -            -            -            -            


FGRS -                  -              -            -             -            -            -            -            -            -            -            -            


Tank Farm 92                    15               -            6                -            77             -            -            -            -            -            -            


Truck Rack 828                  809             -            1                -            19             -            -            -            -            -            -            


Total 8,991               8,718          19             33              -            254           3               -            -            -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 60                    4                 -            2                -            56             -            -            -            -            -            -            


#5 1,974               1,963          -            5                -            11             -            -            -            -            -            -            


#6 22                    10               -            -             -            12             -            -            -            -            -            -            


#7 8                      2                 -            -             -            6               -            -            -            -            -            -            


#8 9                      4                 -            -             -            5               -            -            -            -            -            -            


#9 54                    13               15             -             -            26             1               -            -            -            -            -            


#10 5                      -              -            -             -            5               -            -            -            -            -            -            


#12 83                    79               -            -             -            4               -            -            -            -            -            -            


#14 1,886               1,864          -            15              -            22             2               -            -            -            -            -            


#14a 13                    9                 -            -             -            4               -            -            -            -            -            1               


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 2                      1                 -            -             -            1               -            -            -            -            -            -            


#25 113                  109             4               -             -            -            -            -            -            -            -            -            


#26 5                      -              -            -             -            5               -            -            -            -            -            -            


Boilers 7                      6                 -            -             -            1               -            -            -            -            -            -            


FGRS 217                  217             -            -             -            -            -            -            -            -            -            -            


Tank Farm 3,095               3,018          -            5                -            77             -            -            -            -            -            -            


Truck Rack 20                    1                 -            -             -            19             -            -            -            -            -            -            


Total 7,573               7,300          19             27              -            254           3               -            -            -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 65                    11               -            -             -            54             2               -            -            -            -            -            


#5 17                    6                 -            3                -            11             -            -            -            -            -            -            


#6 1,779               1,767          -            13              -            12             3               -            -            -            -            -            


#7 6                      -              -            -             -            6               -            -            -            -            -            -            


#8 9                      4                 -            -             -            5               -            -            -            -            -            -            


#9 2,923               2,845          52             20              -            26             3               -            -            -            -            -            


#10 6                      1                 -            -             -            5               1               -            -            -            -            -            


#12 990                  986             -            3                -            4               -            -            -            -            -            -            


#14 39                    17               -            4                -            22             -            -            -            -            -            1               


#14a 12                    8                 -            2                -            4               -            -            -            -            -            -            


#15 92                    92               -            -             -            -            -            -            -            -            -            -            


#17 201                  201             -            -             -            -            -            -            -            -            -            -            


#18 260                  259             -            3                -            1               -            -            -            -            -            -            


#25 288                  288             -            1                -            -            -            -            -            -            -            -            


#26 5                      -              -            -             -            5               -            -            -            -            -            -            


Boilers 561                  560             -            1                -            1               -            -            -            -            -            -            


FGRS -                  -              -            -             -            -            -            -            -            -            -            -            


Tank Farm 98                    21               -            -             -            77             -            -            -            -            -            -            


Truck Rack 21                    2                 -            -             -            19             -            -            -            -            -            -            


Total 7,372               7,068          52             50              -            252           9               -            -            -            -            1               


Unit
Total Valves 
Monitored


Valve 
Leaks 


Detected
% Leakers


#4a 4,034               5                 0.12%


#5 1,977               9                 0.46%


#6 1,788               17               0.95%


#7 553                  -              0.00%


#8 1,435               1                 0.07%


#9 2,942               24               0.82%


#10 964                  -              0.00%


#12 1,070               3                 0.28%


#14 1,913               23               1.20%


#14a 390                  10               2.56%


#15 92                    -              0.00%


#17 201                  -              0.00%


#18 261                  4                 1.53%


#25 401                  1                 0.25%


#26 498                  -              0.00%


Boilers 574                  1                 0.17%


FGRS 217                  -              0.00%


Tank Farm 3,054               11               0.36%


Truck Rack 812                  1                 0.12%


Total 23,176          110           0.47%


Unit
Total 


Component 
Monitored


Jul-19


Valve(s) Pump(s) Compressor(s)


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Aug-19


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Sep-19
Valve(s) Pump(s) Compressor(s)


Quarterly Summary







4th Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,206               4,031           115            10               -            56             2               -            4               -            -            2               
#5 21                    10                -            8                 -            11             -            -            -            -            -            -            
#6 26                    14                -            2                 -            12             -            -            -            -            -            -            
#7 573                  551              16              1                 -            6               -            -            -            -            -            -            
#8 1,474               1,430           39              4                 -            5               -            -            -            -            -            -            
#9 53                    27                -            3                 -            26             3               -            -            -            -            -            
#10 995                  968              20              -             -            5               -            -            2               -            -            -            
#12 7                      3                  -            1                 -            4               -            -            -            -            -            -            
#14 39                    17                -            1                 -            22             1               -            -            -            -            1               
#14a 388                  373              11              2                 -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 4                      4                  -            -             -            -            -            -            -            -            -            -            
#18 4                      3                  -            2                 -            1               -            -            -            -            -            -            
#25 1                      1                  -            -             -            -            -            -            -            -            -            -            
#26 505                  498              2                3                 -            5               -            -            -            -            -            -            


Boilers 2                      1                  -            -             -            1               -            -            -            -            -            -            
FGRS 1                      -               1                -             -            -            -            -            -            -            -            -            


Tank Farm 148                  7                  64              -             -            77             -            -            -            -            -            -            
Truck Rack 829                  810              -            1                 -            19             -            -            -            -            -            -            


Total 9,276               8,748           268            38               -            254           6               -            6               -            -            3               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 77                    18                4                4                 -            55             -            -            -            -            -            -            
#5 2,006               1,954           39              7                 -            11             3               -            2               -            -            -            
#6 26                    14                -            1                 -            12             -            -            -            -            -            -            
#7 7                      1                  -            1                 -            6               -            -            -            -            -            -            
#8 15                    10                -            -             -            5               -            -            -            -            -            -            
#9 53                    27                -            6                 -            26             3               -            -            -            -            -            
#10 9                      4                  -            -             -            5               -            -            -            -            -            -            
#12 7                      3                  -            1                 -            4               -            -            -            -            -            -            
#14 1,922               1,872           28              11               -            22             -            -            -            -            -            -            
#14a 9                      5                  -            1                 -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 4                      4                  -            -             -            -            -            -            -            -            -            -            
#18 4                      3                  -            1                 -            1               -            -            -            -            -            -            
#25 28                    28                -            -             -            -            -            -            -            -            -            -            
#26 8                      3                  -            -             -            5               -            -            -            -            -            -            


Boilers 2                      1                  -            -             -            1               -            -            -            -            -            -            
FGRS 228                  217              5                -             -            -            -            -            6               -            -            -            


Tank Farm 3,102               3,021           4                19               -            77             1               -            -            -            -            -            
Truck Rack 21                    2                  -            -             -            19             -            -            -            -            -            -            


Total 7,528               7,187           80              52               -            253           7               -            8               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 67                    11                -            3                 -            56             1               -            -            -            -            -            


#5 28                    16                -            -             -            11             -            -            1               -            -            -            
#6 1,814               1,747           53              7                 -            12             -            -            2               -            -            -            
#7 7                      1                  -            -             -            6               -            -            -            -            -            -            
#8 10                    4                  -            1                 -            5               -            -            1               -            -            -            
#9 2,897               2,854           16              10               -            25             1               -            2               -            -            1               
#10 8                      -               -            -             -            5               -            -            3               -            -            -            
#12 57                    51                2                -             -            4               -            -            -            -            -            -            
#14 50                    28                -            -             -            22             -            -            -            -            -            1               
#14a 8                      4                  -            -             -            4               -            -            -            -            -            -            
#15 92                    92                -            -             -            -            -            -            -            -            -            -            
#17 203                  203              -            -             -            -            -            -            -            -            -            -            
#18 260                  259              -            -             -            1               -            -            -            -            -            -            
#25 536                  517              15              2                 -            -            -            -            4               -            -            -            
#26 8                      3                  -            -             -            5               -            -            -            -            -            -            


Boilers 564                  561              2                9                 -            1               -            -            -            -            -            -            
FGRS -                   -               -            -             -            -            -            -            -            -            -            -            


Tank Farm 100                  22                -            2                 -            78             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 6,729               6,374           88              34               -            254           2               -            13             -            -            2               


Unit
Total Valves 
Monitored


Leaks 
Detected


% Leakers


#4a 4,179               17                0.41%


#5 2,019               15                0.74%
#6 1,828               10                0.55%
#7 569                  2                  0.35%
#8 1,483               5                  0.34%
#9 2,924               19                0.65%
#10 992                  -               0.00%
#12 59                    2                  3.39%
#14 1,945               12                0.62%
#14a 393                  3                  0.76%
#15 92                    -               0.00%
#17 211                  -               0.00%
#18 265                  3                  1.13%
#25 561                  2                  0.36%
#26 506                  3                  0.59%


Boilers 565                  9                  1.59%
FGRS 223                  -               0.00%


Tank Farm 3,118               21                0.67%
Truck Rack 813                  1                  0.12%


Total 22,745           124            0.55%


Oct-19
Valve(s) Pump(s) Compressor(s)


Total Equip 
Added to 
DOR List


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Quarterly Summary


Total Components Inspected


Valve(s) Pump(s) Compressor(s)


Closed Vent System Visual Inspections


Total Equip 
Added to 
DOR List


Dec-19


Leaks Detected


4965 0


Total 
Component 
Monitored


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Unit


Nov-19







Unit Reg Tag #
Equipment 
Category


Leak Source
Date Placed on 
Delay of Repair


Reason for Delay Approved By


4a Consent 001553 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


6 Consent 61134B RELIEF Bonnet 03/10/2014 Repair is technically infeasible without a process unit shutdown. Denny Parker


9 Consent 000004 PUMP Seal 12/30/2019 Repair is technically infeasible without a process unit shutdown. Aaron Fogle


14 Consent 000003A VALVE Packing 12/06/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14 Consent 000855 VALVE Bonnet 05/13/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 002192 PUMP Seal 03/10/2017 (For Pumps) - Repair requires the use of a dual mechanical system that includes a barrier fluid. Alan Simmons


14 Consent 002271 VALVE Packing 10/24/2019 Repair is technically infeasible without a process unit shutdown. Cody Dykes


14 Consent 002518B VALVE Packing 09/05/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14a Consent 001156 VALVE Packing 08/01/2019 Repair is technically infeasible without a process unit shutdown. Cody Dykes


9


Equipment Currently on Delay of Repair


Total Delay of Repair Items:







Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Out of Service 2
July Pump Consent N Returned to Service 1


August Pump Consent N Out of Service 2
September Valve Consent N Deleted 4
September Pump Consent N Out of Service 1
September Valve Consent N Returned to Service 8


October Valve Consent N Added 6
October Valve Consent N Deleted 3
October Pump Consent N Out of Service 1
October Valve Consent N Returned to Service 4
October Pump Consent N Returned to Service 3


November Pump Consent N Out of Service 2
November Pump Consent N Returned to Service 2
December Pump Consent N Deleted 2
December Pump Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
August Valve Consent N Added 1
August Valve Consent N Out of Service 6
August Valve Consent N Returned to Service 4
October Valve Consent N Deleted 21
October Valve Consent N Returned to Service 21


November Valve Consent N Added 1
November Valve Consent N Deleted 2
November Valve Consent N Out of Service 10
November Valve Consent N Returned to Service 2


Month Class Regulation Code Type of Change Number Changed
September Valve Consent N Added 1
September Valve Consent N Deleted 2
September Valve Consent N Out of Service 1
September Valve Consent N Returned to Service 1
November Pump Consent N Out of Service 1
November Pump Consent N Returned to Service 1
December Valve Consent N Added 8
December Valve Consent N Out of Service 28


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Added 2


November Pump Consent N Out of Service 1
December Pump Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Added 2
July Valve Consent N Out of Service 2


September Valve Consent N Returned to Service 2
October Valve Consent N Added 6
October Valve Consent N Deleted 22
October Pump Consent N Out of Service 1
October Valve Consent N Out of Service 5
October Valve Consent N Returned to Service 22


Component Changes July 2019 - Dec 2019


Unit 4a


Unit 5


Unit 6


Unit 7


Unit 8







November Pump Consent N Returned to Service 1
December Comp Consent N Out of Service 1


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Returned to Service 2


September Valve Consent N Added 1
September Valve Consent N Deleted 10
September Valve Consent N Out of Service 17
September Valve Consent N Returned to Service 9


October Valve Consent N Added 5
October Valve Consent N Deleted 9
October Pump Consent N Deleted 1
October Valve Consent N Returned to Service 9
October Pump Consent N Returned to Service 1


November Pump Consent N Out of Service 1
December Valve Consent N Added 4


December Valve Consent N Deleted 1


December Pump Consent N Out of Service 1
December Pump Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Out of Service 2


September Valve Consent N Returned to Service 1
October Valve Consent N Added 4
October Valve Consent N Deleted 1
October Valve Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Out of Service 75
July Valve Consent N Returned to Service 79


August Valve Consent N Returned to Service 75
December Valve Consent N Out of Service 969
December Pump Consent N Out of Service 4


Month Class Regulation Code Type of Change Number Changed
October Valve Consent N Deleted 14
October Valve Consent N Returned to Service 14


November Valve Consent N Added 14
November Valve Consent N Deleted 1
November Valve Consent N Out of Service 5


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Added 1


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
October Valve Consent N Added 2


Unit 9


Unit 10


Unit 12


None


Unit 17


Unit 14


Unit 15


Unit 14a







Month Class Regulation Code Type of Change Number Changed
September Valve Consent N Deleted 1


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Out of Service 288


September Valve Consent N Returned to Service 288
November Valve Consent N Added 1
November Valve Consent N Out of Service 370
December Valve Consent N Added 1
December Valve Consent N Deleted 1
December Valve Consent N Returned to Service 517
December Comp Consent N Returned to Service 2


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
December Valve Consent N Added 2
December Valve Consent N Deleted 1


Month Class Regulation Code Type of Change Number Changed
December Valve Consent N Deleted 2
December Connector Consent N Deleted 9


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
July Pump Consent N Out of Service 1
July Pump Consent N Returned to Service 4


August Valve Consent N Added 8
August Valve Consent N Deleted 1


September Valve Consent N Added 2
September Valve Consent N Returned to Service 2


October Valve Consent N Deleted 6
October Pump Consent N Deleted 1
October Valve Consent N Returned to Service 6
October Pump Consent N Returned to Service 1


November Valve Consent N Added 4
November Valve Consent N Out of Service 5
December Pump Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
October Valve Consent N Added 1


77
115
1802
1086


Total Removed
Total Out of Service


Boilers


FGRS


Total Returned to Service


Summary
Total Added


Tank Farm


Truck Rack


None


CVS


None


Unit 18


Unit 25


Unit 26







Unit 25 - Hydrogen Unit 7/7/2019 - 7/10/2019
Unit 12 - GOHT 7/21/2019 - 8/10/2019


Unit 4 -Vac 8/22/2019 - 10/2/2019
Unit 8 - DHT 8/24/2019 - 8/29/2019
Unit 5 - Alky 9/7/2019 - 9/9/2019
Unit 7 - FCC 9/14/2019 - 9/16/2019
Unit 5 - Alky 9/15/2019 - 9/18/2019


Unit 6 - ISOM HTU 9/26/2019 - 10/5/2019
Unit 6 - ISOM 9/26/2019 - 10/6/2019


Unit 6 - ISOM HTU 9/27/2019 - 10/5/2019
Unit 6 - ISOM 9/27/2019 - 10/5/2019
Unit 4 - Crude 9/30/2019 - 10/2/2019


Unit 25 - Hydrogen Unit 10/3/2019 - 10/29/2019
Unit 12 - GOHT 10/7/2019 - 12/31/2019
Unit 4 - Crude 10/14/2019 - 10/18/2019
Unit 8 - DHT 10/17/2019 - 10/20/2019
Uni 10 - GHT 10/17/2019 - 10/20/2019
Unit 4 - Crude 10/17/2019 - 10/19/2019


Unit 4 -Vac 10/17/2019 - 10/19/2019
Unit 9 - Plat 10/17/2019 - 10/18/2019


Unit 6 - ISOM HTU 10/17/2019 - 10/19/2019
Unit 6 - ISOM HTU 10/18/2019 - 10/19/2019


Unit 6 - ISOM 10/18/2019 - 10/19/2019
Uni 10 - GHT 10/18/2019 - 10/19/2019
Unit 9 - Plat 10/18/2019 - 10/19/2019


Unit 6 - ISOM 10/19/2019 - 10/21/2019
Unit 25 - Hydrogen Unit 11/1/2019 - 11/3/2019


Unit 6 - ISOM 11/12/2019 - 11/13/2019
Unit 25 - Hydrogen Unit 11/27/2019 - 12/14/2019


Uni 10 - GHT 12/16/2019 - 12/18/2019
Unit 8 - DHT 12/16/2019 - 12/18/2019


Unit 9 - Plat HTU 12/16/2019 - 12/18/2019
Unit 25 - Hydrogen Unit 12/19/2019 - 12/31/2019


Unit 8 - DHT 12/30/2019 - 12/31/2019


Consent Semi-Annual Process Unit Shutdown Dates


In general, repair of equipment on the delay of repair (DOR) log was not 
conducted during short-term, unplanned, process unit shutdowns when the 
process unit was returned to service without being degassed or depressurized as 
contemplated by 40 CFR § 60.482-9 (C)(1) and consistent with the definition of 
"process unit shutdown".







Unit Next Month Monitoring Event
4a January 2020
7 January 2020
8 January 2020
10 January 2020
14a January 2020
26 January 2020


Trk Rack January 2020
5 February 2020
14 February 2020


FGRS February 2020
25 February 2020


Tank Farm February 2020
6 March 2020
9 March 2020
12 March 2020
15 March 2020
17 March 2020
18 March 2020


Boilers March 2020


EDR LDAR Training
Pursuant to EDR Consent Decree Paragraph(B)(i)(ii)(iii), all required training for LDAR personnel is 
conducted by the following measures: 


Contract LDAR personnel are trained initially and annually thereafter through a PowerPoint instructor led 
training. Training documentation is maintained at the refinery.


EDR Maintenance and Operations personnel are trained initially and annually thereafter through 
computer-based training (CBT). Training documentation is maintained at the refinery.


All LDAR training required during 2019 has been completed. Training documentation is maintained at 
the refinery.


Consent Decree Next Month Monitoring
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GLOSSARY OF ABBREVIATIONS 


CD Consent Decree 


CFR Code of Federal Regulations 


Covered Units Units subject to the facility’s Consent Decree requirements 


CVS Closed Vent System 


Delek Delek US 


DHT Distillate Hydrotreater 


DOR Delay of Repair 


DTM Difficult-to-Monitor 


EDR El Dorado refinery 


ELP Enhanced LDAR Program 


EPA U.S. Environmental Protection Agency 


GHT  Gasoline Hydrotreater 


LDAR Leak Detection and Repair 


LLC Limited Liability Corporation 


LP Limited Partnership 


Low-E Low Emission 


MOC Management of Change 


NDE No Detectable Emissions 


NTM Normal-to-Monitor 


OEL Open-Ended Line 


Part § 


P&ID Piping and Instrumentation Diagram 


ppmv Concentration measurement in parts per million by volume 


PRV Pressure Relief Valve 


QA/QC Quality Assurance/Quality Control 


SQL Structured Query Language 


TRICORD TRICORD Consulting LLC 


TVA  Thermo Environmental Toxic Vapor Analyzer 


UTM Unsafe-to-Monitor 
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1 INTRODUCTION & EXECUTIVE SUMMARY 


TRICORD Consulting, LLC (TRICORD) conducted a third-party leak detection and repair (LDAR) 


program audit at the Delek US (Delek) El Dorado Refinery (EDR) in El Dorado (Union County), 


Arkansas. The audit followed the requirements specified in the Lion Oil 2003 Consent Decree (CD) 


which included but was not limited to a database and recordkeeping review, comparative 


monitoring, a component applicability review, observation of the site’s LDAR technicians 


conducting leak detection monitoring and analyzer calibrations, and interviews with LDAR 


supervision and technicians regarding their knowledge and understanding of the applicable LDAR 


requirements and refinery overall monitoring program.  


 


The audit team consisted of: 


 


• Team Lead & Field Auditor – Mark Kelsey;  


• Field Auditor – Jim Walsh; and 


• Database Auditor – Ann Landry. 


 


This report has four (4) sections: 


 


• Section 1: Introduction & Executive Summary; 


• Section 2: Audit Scope & Methodology; 


• Section 3: Audit Results; and 


• Section 4: Program Strengths. 


 


A detailed discussion of the audit outcome is provided in Section 3. With the exception of the two 


compliance findings identified in Section 3, TRICORD has determined the Delek EDR LDAR 


program to be in compliance with applicable federal, state, and CD LDAR requirements. 
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2 AUDIT SCOPE & METHODOLOGY 


Delek’s LDAR program was audited for compliance with the following regulations:  


 


• 40 Code of Federal Regulations (CFR) Part (§) 60 Subpart GGG; 


• 40 CFR §63 Subpart CC; and  


• EDR 2003 CD [United States, et al. v. Lion Oil Company (Civ. No. 03-1028)].  


The EDR LDAR 2019 third-party audit was conducted in two phases. An off-site review of the 


LeakDAS LDAR database was completed prior to the start of the field audit. A field review at the 


refinery began on October 7, 2019 and was completed on October 10, 2019. 


2.1 Database Review 


The database review used independent queries developed in Microsoft Structured Query Language 


(SQL) and Microsoft Access to evaluate the database for compliance with applicable state and 


federal requirements. The following database elements were reviewed covering the period Third 


Quarter 2017 – Second Quarter 2019: 


• Regulatory Rule Applicability and Component Assignment; 


• Difficult-to-Monitor (DTM) and Unsafe-to-Monitor (UTM) Designations; 


• DTM Percentage Cap; 


• Stream Physical State and Description; 


• Monitoring Pace; 


• Instrument and Inspector Documentation; 


• Monitoring Time; 


• Initial Monitoring; 


• Initial Second Monitoring; 


• Monitoring Completeness and Timing for Valves and Pumps; 


• First Attempt at Repair; 


• Final Attempt at Repair; 


• Delay of Repair (DOR); 


• Follow-up Inspection Completeness; 


• Chronic Leakers; 


• Repair History; and 


• Drill and Tap Repair of Applicable Valves. 


2.2 Field Audit 


Field audit activities included: 


• Comparative Monitoring; 


• Component Applicability Review; 


• Open-Ended Line (OEL) and Sample Station Flushing Controls; 


• Observation of LDAR Technicians Performing Method 21 Monitoring and Analyzer 


Calibration; 


• DTM & DOR Reviews; 
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• No Detectable Emissions (NDE) & Closed Vent System (CVS) Component Inspection 


Review; 


• A Review of the LDAR Plan; 


• Compressor requirement reviews; 


• LDAR Management of Change (MOC), Quality Assurance/Quality Control (QA/QC), and 


Chronic Leaker Reviews; and 


• Review of the Latest Technician Training Records. 


   


Comparative Monitoring – Comparative monitoring of valves in gas/vapor and light liquid LDAR 


service was performed to compare audit leak rates with the refinery’s reported leak rates in three (3) 


Covered Units. The number of components monitored by the auditors in each operating unit is 


provided in Table 2-1.  


 


Table 2-1 Number of Components Monitored by Component Type 


Unit 
Valve 


Population 


# Valves 


Monitored 


% Valves 


Monitored 


Diesel 


Hydrotreater 


(DHT) 


1,455 220 15% 


Gasoline 


Hydrotreater 


(GHT) 


969 198 20% 


Alky 1,993 205 10% 


Totals 4,417 623 14% 


 


Delek’s CD requires that an average, unit-specific leak percentage for valves be calculated for 


comparison with the audit’s comparative monitoring results. The average valve leak rate was 


assessed by dividing the number of leaking valves by the number of monitored valves during the 


most recent eight (8) quarters of monitoring (Third Quarter 2017 – Second Quarter 2019). The 


comparative monitoring audit leak percentage was calculated in the same manner as the number of 


leaks identified by the auditors was divided by the number of components monitored. 


For each EDR operating unit (i.e., Covered Unit) in which comparative monitoring was performed 


during the audit, a Valve Leak Ratio, defined as the audit leak rate (%) divided by the refinery’s 


average leak rate (%), was also calculated.  


The TRICORD audit team performed independent Method 21 measurements on components from 


three (3) of the Covered Units at Delek’s EDR. A percentage of valves were selected for monitoring 


in these operating units. The auditors began monitoring at one end of the unit and proceeded in an 


orderly manner through the entire unit selecting a fraction of the components in accordance with 


their target percentage (for example, monitor one valve and skip three valves for a 25% valve 


monitoring target). The comparative monitoring was completed only on normally accessible 


components (NTMs). No DTM or UTM components were tested, although a representative sample 
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of elevated components that could be monitored from fixed platforms reachable by stairs or ladders 


was inspected. 


 


The audit team used 2020™ Thermo Environmental Toxic Vapor Analyzers (TVA) owned, operated, 


and maintained by TRICORD. Calibration of the audit analyzers was performed with the refinery’s 


certified 2% accurate calibration gases having approximate concentrations of 0, 200, 500, 2,000, and 


10,000 parts per million by volume (ppmv) methane-in-air. Drift checks of both audit TVAs were 


performed using the 500 ppmv standard at mid-day and at end-of-day. If any pumps were 


monitored, then the analyzers were drift-checked with a 2,000 ppmv standard as well. Monitored 


component counts were kept with mechanical counters.  


 


Table 2-2 sets forth the leak definitions in effect at Delek’s EDR at the time of the audit.  


 


Table 2-2 Component Leak Definitions 


Component Type Leak Definition Required Action 


Valves ≥ 200 ppm 
Initial attempt performed 


within 5 Days 


Valves ≥ 500 ppm Repair or DOR within 30 Days 


Valves ≥ 10,000 ppm Repair or DOR within 15 Days 


Pumps  ≥ 2,000 ppm Repair or DOR within 30 Days 


Pumps ≥ 10,000 ppm Repair or DOR within 15 Days 


 


The following information was recorded by the LDAR auditors in a field notebook for each 


component found leaking above its first-attempt-at-repair leak definition (i.e. 500 ppm for valves): 


tag number, concentration reading, component description, and timestamp information. All other 


field notes were similarly recorded. At the end of each day, the field data was transferred to 


electronic spreadsheets for processing. Analyzer calibration and drift check results were managed in 


the same manner. All leaks identified during the comparative monitoring were confirmed by an 


EDR LDAR technician who entered the required data into the refinery database and tagged the 


component(s) for repair. 


 


Tagging, OELs, and Sample Stations – While conducting comparative monitoring in the three (3) 


Covered Units, the LDAR auditors also evaluated tagging accuracy, OEL control, and sample station 


flushing control. Tagging accuracy was checked by noting any untagged components on potentially 


regulated lines and asking the refinery to verify these components were either in the database or did 


not need to be included. Tagging accuracy was further checked through a detailed review of the 


Covered Units’ highlighted piping and instrumentation diagrams (P&IDs).  


 


OEL control was evaluated by the LDAR auditors noting any instances of valves with hydrocarbon 


process fluid on one side and open to atmosphere on the other side that were uncontrolled by a cap, 


plug, blind flange, or double-block valve arrangement. Sample stations were checked for proper 
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flushing control by verifying that the flushing fluid, if a liquid, was either returned to the process, 


routed to a control device, or captured in a sealed container for disposal. 


 


Calibration and Monitoring Observation – Instrument calibration procedures were evaluated by the 


auditors observing the EDR LDAR technicians calibrating their analyzers at the start of the day. 


Technician monitoring was evaluated by the LDAR auditors for proper coverage and pace by 


observing the technicians as they monitored selected valves and pumps. Electronic data capture was 


also verified by the LDAR auditors at this time. 


  


DTMs and DORs – Compliance with DTM requirements was verified by the LDAR auditors 


through a review of DTM valves classified in the refinery database. Components currently on the 


EDR LDAR DOR list were reviewed by an auditor to determine, to the best of their ability, whether 


or not they could be isolated and repaired, and to check that the DOR forms were properly filled out 


and signed.  


 


Interviews – An interview with the EDR LDAR Coordinator was conducted on the subjects of LDAR 


MOC, LDAR QA/QC, and compliance with the CD’s chronic leaker requirements. The LDAR 


technicians were also interviewed separately on Method 21 monitoring and analyzer calibration 


procedures. A review of LDAR compressor requirements was also covered.
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3 AUDIT RESULTS 


3.1 Audit Findings 


This in-depth LDAR audit consisting of a database review and field investigation produced the 


findings listed below in Table 3-1. 


 


Table 3-1 Audit Findings 


# Citation Compliance Issue 


1 40 CFR §60.482-6(a)(1) 


Open-Ended Lines (OELs): During the field review, three (3) 


instances of uncontrolled OELs [One (1) OEL in the DHT Unit 


and two (2) OELs in the GHT Unit] were identified. 


2 40 CFR §60.482-7 


Overlooked Components: During the field review, it was 


discovered that four (4) valves which appear to be in VOC 


service are not included in the LDAR Program. 


 


3.2 Database Audit Results 


An extensive database review (Section 2) using independent queries produced no compliance issues. 


 


3.3 Field Audit Results 


The field audit produced two (2) compliance issues as listed in Table 3-1. Both compliance issues 


were corrected before the close of business on the same day they were identified. 


 


3.3.1 Comparative Monitoring Results 


Comparative monitoring was performed on valves in three (3) Covered Units to evaluate the 


refinery’s reported leak rates.  


 


As indicated in Table 3-2, the Comparative Monitoring leak rate results support the refinery’s 


average leak rates. The audit leak rate of 0.64% is lower than the refinery’s average leak rate of 


0.82%. As indicated in Table 3-2, the resulting Leak Ratios for all three units are below a 3.0 times 


multiplier, which is the industry standard for good comparative monitoring. Figure 3-1 is a 


graphical representation of the statistical agreement of the leak rates around the 95% confidence 


interval. 
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Table 3-2 Comparative Monitoring Leak Ratio 


 


Figure 3-1 Graphical Representation of the Statistical Agreement 


  
 


UNIT 


REFINERY VALVE 


LEAK RATES                         


(Based on the last 8 


monitoring periods) 
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DHT 11,607 57 0.49% 220 1 0.45% 0.93 


GHT 7,866 48 0.61% 198 0 0.00% 0.00 


Alky 16,276 169 1.04% 205 3 1.46% 1.41 


Unit Totals 33,840 277 0.82% 623 4 0.64% 0.78 
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3.3.2 Record Review Results 


A review of analyzer calibration records, quarterly analyzer precision checks, the analyzer 


maintenance log, weekly pump inspections, technician annual LDAR training documentation, the 


EDR LDAR Plan, and the four (4) most recent EDR LDAR semi-annual reports did not identify any 


compliance issues. 


 


3.3.3 Component Review Results 


Three (3) OELs and four (4) components in VOC service not included in the LDAR program were 


identified during the comparative monitoring. 


 


3.3.4 DTM and DOR Review Results 


An inspection of randomly selected DTM valves indicated that all were properly identified. A 


review of the current DOR components indicated that they were correctly labeled, documented, 


and, in the LDAR auditor’s opinion, could not be isolated for repair without a process unit shut-


down. 


 


3.3.5 Technician Observation Results 


The LDAR technicians were observed performing instrument calibrations and component 


monitoring and were also questioned regarding US EPA Method 21 procedures. Monitoring pace 


and coverage were considered sufficient for reliable leak detection.  


 


No issues concerning LDAR MOCs, QA/QC, or chronic leaker control were identified in the 


interview with the EDR LDAR Coordinator. 
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4 PROGRAM STRENGTHS 


Recognition of program strengths is important in any audit to provide a balanced perspective. The 


LDAR program at Delek’s EDR has many important strengths. These include but are not limited to 


the following: 


• During the P&ID review, it was noted that component tag numbers are written on P&IDs. 


This is an excellent practice that allows for inventory control and ensures program integrity. 


• During the technician calibration observations, it was noted that the site is using Phx42 


analyzers and a SpanBox calibration system. These are top-of-the-line tools and are 


considered an industry best practice. 


• During the records review, it was noted that the filing system is robust and well-organized. 


This allows for any potential questions to be quickly, easily, and accurately answered. 


 







Delek US El Dorado Refinery (EDR) LDAR Third-Party Audit 
(October 7-10, 2019) 


Conducted Pursuant to Consent Decree Paragraph 23.C. 
Summary of Findings/Corrective Measures 


 
 
 
 
Finding No. 1 – Open-Ended Line Control – Three (3) open-ended lines (OELs) observed 
without cap, plug, blind flange, or double-block control.   
 
Corrective Measures: The El Dorado Refinery (EDR) corrected all three OELs on October 
8, 2019 (the same date of discovery) by installing plugs. The EDR continues to drive 
knowledge and awareness through training Operations and Maintenance Personnel on 
replacing all plugs, caps, and blind flanges to ensure no OELs are present. 
 
 
Finding No. 2 – Overlooked Components – Four (4) valves in volatile organic constituent 
(VOC) service that were not included in the EDR Leak Detection and Repair (LDAR) 
Program.  
 
Corrective Measures: These four valves were added to the EDR LeakDAS database on 
October 8, 2019 and subsequently monitored on October 17, 2019. These valves were 
included before changes were made to the EDR’s Management of Change (MOC) Program 
that requires more robust process and instrumentation diagram (PID) markups prior to 
refinery change management approval. The EDR continues to drive knowledge and 
awareness through training Monitoring technicians on the recognition of LDAR applicable 
equipment throughout the refinery.   
 
















Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,014 5 0.12%
Alkylation 5 2,042 18 0.88%


Isomerization 6 1,798 16 0.89%
Fluid Catalytic Cracker 7 545 1 0.18%
Diesel Hydrotreating 8 1,445 5 0.35%


Platforming 9 2,935 27 0.92%
Tier 2 Gasoline 


Hydrotreater
10 983 4 0.41%


Heavy Oils (Cat Feed) 
Hydrotreating


12 998 17 1.70%


Gas Concentration & 
Saturated Gas


14 1,927 15 0.78%


Tier 2 Gasoline Splitter 14a 386 10 2.59%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 202 0 0.00%
NaHS Unit 18 262 3 1.15%


Hydrogen Unit 25 401 3 0.75%
Treaters Unit 26 508 4 0.79%


Boilers Boilers 561 11 1.96%
Flare Gas Recovery FGRS 223 1 0.45%


Tank Farm TF 3,038 14 0.46%
Loading Rack Trk Rack 813 3 0.37%


Total 23,173 157 0.68%


Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,057 14 0.35%
Alkylation 5 2,033 13 0.64%


Isomerization 6 1,804 11 0.61%
Fluid Catalytic Cracker 7 566 1 0.18%
Diesel Hydrotreating 8 1,486 10 0.67%


Platforming 9 2,933 13 0.44%
Tier 2 Gasoline 


Hydrotreater
10 1,001 6 0.60%


Heavy Oils (Cat Feed) 
Hydrotreating Unit


12 1,037 10 0.96%


Gas Concentration & 
Saturated Gas


14 1,928 3 0.16%


Tier 2 Gasoline Splitter 14a 389 1 0.26%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 202 0 0.00%
NaHS Unit 18 262 0 0.00%


Hydrogen Unit 25 401 2 0.50%
Treaters Unit 26 502 1 0.20%


Boilers Boilers 576 2 0.35%
Flare Gas Recovery FGRS 219 2 0.91%


Tank Farm TF 3,023 6 0.20%
Loading Rack Trk Rack 808 0 0.00%


Total 23,319 95 0.41%


Leak rates on a process-unit-by-process-unit basis


4th Quarter 2018 Monitoring


3rd Quarter 2018 Monitoring







3rd Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 4,058                4,002           -             3                 -            56             1               -            -            -            -            -            
#5 43                     30                1                3                 -            12             2               -            -            -            -            -            
#6 22                     10                -             2                 -            12             -            -            -            -            -            -            
#7 550                   544              -             1                 -            6               -            -            -            -            -            -            
#8 1,438                1,433           -             5                 -            5               -            -            -            -            -            -            
#9 55                     29                -             1                 -            26             3               -            -            -            -            -            
#10 974                   969              -             4                 1               5               1               -            -            -            -            1               
#12 11                     7                  -             2                 -            4               1               -            -            -            -            -            
#14 42                     20                -             -             -            22             2               -            -            -            -            -            
#14a 372                   368              -             9                 -            4               -            -            -            -            -            -            
#15 -                   -               -             -             -            -            -            -            -            -            -            -            
#17 -                   -               -             -             -            -            -            -            -            -            -            -            
#18 2                       1                  -             1                 -            1               -            -            -            -            -            -            
#25 2                       2                  -             1                 -            -            -            -            -            -            -            -            
#26 503                   498              -             4                 -            5               -            -            -            -            -            -            


Boilers 9                       9                  -             3                 -            -            -            -            -            -            -            -            
FGRS 2                       2                  -             1                 -            -            -            -            -            -            -            -            


Tank Farm 108                   31                -             4                 -            77             3               -            -            -            -            -            
Truck Rack 772                   755              -             2                 -            17             -            -            -            -            -            -            


Total 8,963                8,710           1                46               1               252           13             -            -            -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 62                     6                  -             1                 -            56             -            -            -            -            -            -            
#5 2,003                1,990           1                15               -            12             1               -            -            -            -            -            
#6 23                     10                1                3                 -            12             2               -            -            -            -            -            
#7 8                       1                  -             -             -            6               -            -            1               -            -            -            
#8 11                     6                  -             -             -            5               -            -            -            -            -            -            
#9 54                     28                -             1                 -            26             1               -            -            -            -            -            
#10 12                     7                  -             -             -            5               -            -            -            -            -            -            
#12 10                     6                  -             3                 -            4               -            -            -            -            -            -            
#14 1,906                1,884           -             14               -            22             4               -            -            -            -            -            
#14a 13                     9                  -             1                 -            4               -            -            -            -            -            -            
#15 -                   -               -             -             -            -            -            -            -            -            -            -            
#17 -                   -               -             -             -            -            -            -            -            -            -            -            
#18 2                       1                  -             1                 -            1               -            -            -            -            -            -            
#25 397                   397              -             2                 -            -            -            -            -            -            -            -            
#26 10                     5                  -             -             -            5               -            -            -            -            -            -            


Boilers 9                       9                  -             1                 -            -            -            -            -            -            -            -            
FGRS 215                   215              -             -             -            -            -            -            -            -            -            -            


Tank Farm 3,069                2,985           7                9                 -            77             1               -            -            -            -            -            
Truck Rack 20                     3                  -             1                 -            17             -            -            -            -            -            -            


Total 7,824                7,562           9                52               -            252           9               -            1               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 62                     6                  -             1                 -            56             -            -            -            -            -            -            
#5 32                     19                1                -             -            12             -            -            -            -            -            -            
#6 1,789                1,777           -             11               -            12             -            -            -            -            -            -            
#7 6                       -               -             -             -            6               -            -            -            -            -            -            
#8 11                     6                  -             -             -            5               -            -            -            -            -            -            
#9 2,904                2,878           -             25               -            26             4               -            -            -            -            -            
#10 12                     7                  -             -             -            5               -            -            -            -            -            -            
#12 989                   985              -             12               -            4               -            -            -            -            -            -            
#14 45                     23                -             1                 -            22             -            -            -            -            -            -            
#14a 13                     9                  -             -             -            4               -            -            -            -            -            -            
#15 92                     92                -             -             -            -            -            -            -            -            -            -            
#17 202                   202              -             -             -            -            -            -            -            -            -            -            
#18 261                   260              -             1                 -            1               -            -            -            -            -            -            
#25 2                       2                  -             -             -            -            -            -            -            -            -            -            
#26 10                     5                  -             -             -            5               -            -            -            -            -            -            


Boilers 543                   543              -             7                 -            -            -            -            -            -            -            -            
FGRS 6                       6                  -             -             -            -            -            -            -            -            -            -            


Tank Farm 92                     15                -             1                 -            77             1               -            -            -            -            -            
Truck Rack 74                     55                -             -             -            19             -            -            -            -            -            -            


Total 7,145                6,890           1                59               -            254           5               -            -            -            -            -            


Unit
Total Valves 
Monitored


Valve 
Leaks 


Detected
% Leakers


#4a 4,014                5                  0.12%
#5 2,042                18                0.88%
#6 1,798                16                0.89%
#7 545                   1                  0.18%
#8 1,445                5                  0.35%
#9 2,935                27                0.92%
#10 983                   4                  0.41%
#12 998                   17                1.70%
#14 1,927                15                0.78%
#14a 386                   10                2.59%
#15 92                     -               0.00%
#17 202                   -               0.00%
#18 262                   3                  1.15%
#25 401                   3                  0.75%
#26 508                   4                  0.79%


Boilers 561                   11                1.96%
FGRS 223                   1                  0.45%


Tank Farm 3,038                14                0.46%
Truck Rack 813                   3                  0.37%


Total 23,173           157            0.68%


Unit
Total 


Component 
Monitored


Jul-18


Valve(s) Pump(s) Compressor(s)


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Aug-18


Valve(s) Pump(s) Compressor(s) Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Sep-18
Valve(s) Pump(s) Compressor(s)


Quarterly Summary







4th Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 4,066                4,002           8                10               -            56             -            -            -            -            -            -            
#5 35                     22                1                -             -            12             1               -            -            -            -            -            
#6 28                     16                -             1                 -            12             -            -            -            -            -            -            
#7 569                   546              16              -             -            6               1               -            1               -            -            -            
#8 1,456                1,429           21              10               -            5               -            -            1               -            -            -            
#9 58                     32                -             -             -            26             -            -            -            -            -            -            
#10 974                   969              -             5                 -            5               -            -            -            -            -            -            
#12 19                     15                -             -             -            4               -            -            -            -            -            -            
#14 50                     28                -             1                 -            22             3               -            -            -            -            -            
#14a 387                   372              11              1                 -            4               -            -            -            -            -            -            
#15 -                   -               -             -             -            -            -            -            -            -            -            -            
#17 -                   -               -             -             -            -            -            -            -            -            -            -            
#18 2                       1                  -             -             -            1               -            -            -            -            -            -            
#25 2                       2                  -             -             -            -            -            -            -            -            -            -            
#26 503                   498              -             1                 -            5               -            -            -            -            -            -            


Boilers 12                     12                -             -             -            -            -            -            -            -            -            -            
FGRS 1                       1                  -             -             -            -            -            -            -            -            -            -            


Tank Farm 95                     18                -             -             -            77             -            -            -            -            -            -            
Truck Rack 826                   807              -             -             -            19             -            -            -            -            -            -            


Total 9,083                8,770           57              29               -            254           5               -            2               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 88                     15                17              3                 -            56             2               -            -            -            -            -            
#5 2,003                1,990           1                12               -            12             1               -            -            -            -            -            
#6 28                     16                -             1                 -            12             -            -            -            -            -            -            
#7 9                       2                  -             -             -            6               1               -            1               -            -            -            
#8 30                     11                14              -             -            5               -            -            -            -            -            -            
#9 59                     33                -             2                 -            26             2               -            -            -            -            -            
#10 27                     9                  13              1                 -            5               -            -            -            -            -            -            
#12 35                     17                12              -             -            4               -            -            2               -            -            -            
#14 1,906                1,884           -             2                 -            22             1               -            -            -            -            -            
#14a 9                       5                  -             -             -            4               -            -            -            -            -            -            
#15 -                   -               -             -             -            -            -            -            -            -            -            -            
#17 -                   -               -             -             -            -            -            -            -            -            -            -            
#18 2                       1                  -             -             -            1               -            -            -            -            -            -            
#25 397                   397              -             2                 -            -            -            -            -            -            -            -            
#26 7                       2                  -             -             -            5               -            -            -            -            -            -            


Boilers 10                     10                -             1                 -            -            -            -            -            -            -            -            
FGRS 215                   215              -             2                 -            -            -            -            -            -            -            -            


Tank Farm 3,074                2,990           7                6                 -            77             -            -            -            -            -            -            
Truck Rack 19                     1                  -             -             -            18             -            -            -            -            -            -            


Total 7,918                7,598           64              32               -            253           7               -            3               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
#4a 71                     15                -             1                 -            56             -            -            -            -            -            -            
#5 31                     18                1                1                 -            12             -            -            -            -            -            -            
#6 1,784                1,772           -             9                 -            12             -            -            -            -            -            -            
#7 9                       2                  -             1                 -            6               -            -            1               -            -            -            
#8 16                     11                -             -             -            5               -            -            -            -            -            -            
#9 2,894                2,868           -             11               -            26             1               -            -            -            -            -            
#10 15                     9                  1                -             -            5               -            -            -            -            -            -            
#12 997                   984              9                10               -            4               -            -            -            -            -            -            
#14 38                     16                -             -             -            22             3               -            -            -            -            -            
#14a 5                       1                  -             -             -            4               -            -            -            -            -            -            
#15 92                     92                -             -             -            -            -            -            -            -            -            -            
#17 202                   202              -             -             -            -            -            -            -            -            -            -            
#18 261                   260              -             -             -            1               -            -            -            -            -            -            
#25 2                       2                  -             -             -            -            -            -            -            -            -            -            
#26 7                       2                  -             -             -            5               -            -            -            -            -            -            


Boilers 555                   554              -             1                 -            1               -            -            -            -            -            -            
FGRS 3                       3                  -             -             -            -            -            -            -            -            -            -            


Tank Farm 85                     8                  -             -             -            77             -            -            -            -            -            -            
Truck Rack 19                     -               -             -             -            19             -            -            -            -            -            -            


Total 7,086                6,819           11              34               -            255           4               -            1               -            -            -            


Unit
Total Valves 
Monitored


Leaks 
Detected


% Leakers


#4a 4,057                14                0.35%
#5 2,033                13                0.64%
#6 1,804                11                0.61%
#7 566                   1                  0.18%
#8 1,486                10                0.67%
#9 2,933                13                0.44%
#10 1,001                6                  0.60%
#12 1,037                10                0.96%
#14 1,928                3                  0.16%
#14a 389                   1                  0.26%
#15 92                     -               0.00%
#17 202                   -               0.00%
#18 262                   -               0.00%
#25 401                   2                  0.50%
#26 502                   1                  0.20%


Boilers 576                   2                  0.35%
FGRS 219                   2                  0.91%


Tank Farm 3,023                6                  0.20%
Truck Rack 808                   -               0.00%


Total 23,319           95              0.41%


Unit


Total Equip 
Added to 
DOR List


Dec-18


Oct-18
Valve(s) Pump(s) Compressor(s) Total Equip 


Added to 
DOR List


Valve(s) Pump(s) Compressor(s) Total Equip 
Added to 
DOR List


Quarterly Summary


Leaks Detected


Closed Vent System Visual Inspections


0


Total Components Inspected


4843


Total 
Component 
Monitored


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Nov-18
Valve(s) Pump(s) Compressor(s)







Unit Reg Tag #
Equipment 
Category


Leak Source
Date Placed on 
Delay of Repair


Reason for Delay Approved By


4a Consent 000030 VALVE Packing 07/28/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


4a Consent 001553 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


4a Consent 002124 VALVE Bonnet 09/02/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


4a Consent 002242 VALVE Packing 01/09/2017 Repair is technically infeasible without a process unit shutdown. Steve McDonald


5 Consent 001439 VALVE Packing 12/14/2016 Repair is technically infeasible without a process unit shutdown. Michael Patterson


5 Consent 001707 VALVE Packing 08/12/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


5 Consent 002396 VALVE Bonnet 11/23/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


5 Consent 002513.1 Connect Bushing 06/20/2018 Repair is technically infeasible without a process unit shutdown. Jeff Carr


5 Consent 002592 Relief Vent 06/07/2018 Repair is technically infeasible without a process unit shutdown. Jeff Carr


5 Consent 002616 VALVE Packing 11/06/2014 Repair is technically infeasible without a process unit shutdown. David Harmeyer


5 Consent 002791J.07 CONECT TEE 08/29/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


5 Consent 002791M.04 CONECT Bushing 08/29/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


5 Consent 002791Z VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


6 Consent 60419D VALVE Plug 09/05/2014 Repair is technically infeasible without a process unit shutdown. Ira Benton


6 Consent 60504A VALVE Bonnet 03/11/2014 Repair is technically infeasible without a process unit shutdown. Ira Benton


6 Consent 61134B RELIEF Bonnet 03/10/2014 Repair is technically infeasible without a process unit shutdown. Denny Parker


7 Consent 003325 COMPR Housing 10/24/2007 Repair is technically infeasible without a process unit shutdown. Dennis Jerry


8 Consent 000315B VALVE Packing 11/03/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


8 Consent US045.1 CONECT Flange 11/10/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


9 Consent 000010A VALVE Packing 03/29/2018 Repair is technically infeasible without a process unit shutdown. Jeff Carr


9 Consent 001336 VALVE Bonnet 07/07/2017 Repair is technically infeasible without a process unit shutdown. Tony Hooks


9 Consent 002479 VALVE Plug 04/05/2017 Repair is technically infeasible without a process unit shutdown. Tony Hooks


9 Consent 002556 VALVE Packing 09/28/2016 Repair is technically infeasible without a process unit shutdown. Ira Benton


9 Consent 002573 VALVE Packing 12/23/2015 Repair is technically infeasible without a process unit shutdown. Ira Benton


9 Consent 003225 VALVE Bonnet 09/23/2016 Repair is technically infeasible without a process unit shutdown. Ira Benton


10 Consent 000309 VALVE Packing 11/21/2016 Repair is technically infeasible without a process unit shutdown. Daniel Simpson


10 Consent 000514 VALVE Packing 06/22/2015 Repair is technically infeasible without a process unit shutdown. Dennis Jerry


10 Consent 000540 VALVE Bonnet 12/22/2016 Repair is technically infeasible without a process unit shutdown. Daniel Simpson


10 Consent 000956 VALVE Packing 07/19/2019 Repair is technically infeasible without a process unit shutdown. Daniel Simpson


14 Consent 000855 VALVE Bonnet 05/13/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001627 VALVE Packing 08/20/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001648 VALVE Bonnet 06/22/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001657 VALVE Packing 11/05/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001728 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001747 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001796 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Denny parker


14 Consent 002086 VALVE Packing 12/02/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 002154 VALVE Packing 11/09/2016 Repair is technically infeasible without a process unit shutdown. Michael Patterson


14 Consent 002192 PUMP Seal 03/10/2017 (For Pumps) - Repair requires the use of a dual mechanical system that includes a barrier fluid. Alan Simmons


14 Consent 002270 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Denny Parker


26 Consent 000596 VALVE Packing 11/11/2016 Repair is technically infeasible without a process unit shutdown. Randy Atwell


Boilers Consent 000059 VALVE Packing 12/16/2016 Repair is technically infeasible without a process unit shutdown. Chris Thomas


Boilers Consent 000134 VALVE Packing 12/16/2016 Repair is technically infeasible without a process unit shutdown. Chris Thomas


CVS Consent 001933 VALVE Packing 11/23/2016 Repair is technically infeasible without a process unit shutdown. Michael Patterson


CVS Consent 001934 VALVE Packing 11/23/2016 Repair is technically infeasible without a process unit shutdown. Michael Patterson


FGRS Consent 002320G VALVE Packing 12/20/2017 Repair is technically infeasible without a process unit shutdown. Chris Thomas


TF Consent 001356 VALVE Packing 06/09/2017 Repair is technically infeasible without a process unit shutdown. Tony Hooks


TF Consent 001808 RELIEF Vent 03/18/2014 Repair is technically infeasible without a process unit shutdown. Wayne Sewell


TF Consent 001811.06 CONECT Elbow 03/18/2014 Repair is technically infeasible without a process unit shutdown. Wayne Sewell


TF Consent 001992 VALVE Packing 05/31/2017 Repair is technically infeasible without a process unit shutdown. Dennis Parker
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Equipment Currently on Delay of Repair


Total Delay of Repair Items:







Month Class Regulation Code Type of Change Number Changed
July Valve Consent NTM Out of Service 9


August Valve Consent NTM Out of Service 1
October Valve Consent NTM Returned To Service 5


Month Class Regulation Code Type of Change Number Changed
July Pump Consent NTM Returned To Service 2


August Valve Consent NTM Out of Service 1
September Pump Consent NTM Out of Service 12
September Valve Consent NTM Out of Service 3
September Pump Consent NTM Returned To Service 10


October Pump Consent NTM Returned To Service 2
October Valve Consent NTM Returned To Service 3


Month Class Regulation Code Type of Change Number Changed
December Valve Consent NTM Out of Service 5


Month Class Regulation Code Type of Change Number Changed
September Pump Consent NTM Out of Service 6
September Comp Consent NTM Out of Service 1
September Valve Consent NTM Out of Service 16
September Valve Consent DTM Out of Service 548


October Pump Consent NTM Returned To Service 6
October Comp Consent NTM Returned To Service 1
October Valve Consent DTM Returned To Service 16
October Valve Consent NTM Returned To Service 548


Month Class Regulation Code Type of Change Number Changed
July Valve Consent NTM Returned To Service 2


October Valve Consent NTM Out of Service 4


Month Class Regulation Code Type of Change Number Changed
August Valve Consent NTM Added 4
August Valve Consent NTM Deleted 8
August Pump Consent NTM Out of Service 1


September Pump Consent NTM Returned To Service 1
November Valve Consent NTM Returned To Service 1
December Valve Consent NTM Out of Service 2
December Valve Consent NTM Deleted 9


Month Class Regulation Code Type of Change Number Changed
September Pump Consent NTM Out of Service 5
September Valve Consent NTM Out of Service 1
September Pump Consent NTM Returned To Service 5


Unit 8


Unit 9


Unit 10


Component Changes July 2018 - December 2018


Unit 4a


Unit 5


Unit 6


Unit 7







Month Class Regulation Code Type of Change Number Changed
September Pump Consent NTM Out of Service 8
September Pump Consent NTM Returned To Service 8
December Valve Consent NTM Out of Service 1


Month Class Regulation Code Type of Change Number Changed
September Pump Consent NTM Out of Service 19
September Valve Consent NTM Out of Service 5
September Pump Consent NTM Returned To Service 15


October Pump Consent NTM Returned To Service 4
October Valve Consent NTM Returned To Service 5


Month Class Regulation Code Type of Change Number Changed
September Pump Consent NTM Out of Service 4
September Pump Consent NTM Returned To Service 4


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
September Valve Consent NTM Out of Service 3
December Valve Consent NTM Added 13
December Pump Consent NTM Added 1
December Valve Consent NTM Out of Service 2


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
August Valve Consent NTM Added 4


No Changes Made


Unit 17


Unit 12


Unit 14


No Changes Made


Boilers


No Changes Made


No Changes Made


No Changes Made


FGRS


No Changes Made


Unit 18


Unit 25


Unit 26


CVS


Unit 15


Unit 14a







Month Class Regulation Code Type of Change Number Changed
July Valve Consent NTM Added 4
July Pump Consent NTM Returned To Service 1


August Valve Consent NTM Out of Service 3
September Valve Consent NTM Added 1


October Valve Consent NTM Added 4


Month Class Regulation Code Type of Change Number Changed
September Valve Consent NTM Added 52
September Pump Consent NTM Added 1


October Pump Consent NTM Out of Service 1
December Pump Consent NTM Returned To Service 1


84
17
659
638


Total Removed
Total Out of Service


Total Returned to Service


Summary


Tank Farm


Truck Rack


Total Added







Unit 9 - Platforming (HTU) 7/28/2018-7/31/2018
Unit 7 - Fluid Catalytic Cracker 9/4/2018-10/5/2018


Consent Semi-Annual Process Unit Shutdown Dates


In general, repair of equipment on the delay of repair (DOR) log was not 
conducted during short-term, unplanned, process unit shutdowns when the 
process unit was returned to service without being degassed or depressurized as 
contemplated by 40 CFR § 60.482-9 (C)(1) and 
consistent with the definition of "process unit shutdown".







Unit Next Month Monitoring Event
4a January 2019
7 January 2019
8 January 2019
10 January 2019
14a January 2019
26 January 2019


Trk Rack January 2019
5 February 2019
14 February 2019


FGRS February 2019
25 February 2019


Tank Farm February 2019
6 March 2019
9 March 2019
12 March 2019
15 March 2019
17 March 2019
18 March 2019


Boilers March 2019


All LDAR training required during 2018 was completed with documentation available onsite.


Consent Decree Next Month Monitoring


EDR LDAR Training
Pursuant to EDR Consent Decree Paragraph(B)(i)(ii)(iii), all required training for LDAR personnel is 
conducted by the following measures: 


Contract LDAR personnel are trained initially and annually thereafter through a PowerPoint instructor 
led training. Training documentation is maintained onsite.


EDR Maintenance and Operations personnel are trained initially and annually thereafter through 
computer-based training (CBT). Training documentation is maintained onsite.




















U.S. Dept. of Justice, Chief Environmental Enforcement Division 


First Quarter 2021 EOL Sampling Report 


Page 2 of 2 


 
 
Cc: Chief, Air, Toxics, and Inspections Coordination Branch, EPA Region 6, Dallas, TX 


Air Toxics & Enforcement Section, US EPA, Region 6, Dallas, TX  


Director, Air Enforcement Division, Office of Civil Enforcement, East Hanover, NJ  


Director, Air Enforcement Division, Office of Civil Enforcement, EPA, Washington, DC 


Legal Division, The Arkansas Department of Energy and Environment, Division of Environmental 
Quality, North Little Rock, AR  


 


 Environmental Library File:  (AI-03-01) 


 











Delek US - El Dorado Refinery
El Dorado, Arkansas


2021 Benzene EOL Projection


First Quarter 2021 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 20,000 0.3 29,000 0.3 20,000 0.3 149 20.00 0.003 0.012
2- Vac Truck 68,315 0.4 53,825 0.2 114,650 15.2 2,605 114.65 0.299 1.195
3 - WWTP Feed 500 1,996 310 1,999 250 1,499 745,137 0.25 0.186 0.745
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.488 1.952
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U.S. Dept. of Justice, Chief Environmental Enforcement Division 


Second Quarter 2019 EOL Sampling Report 


Page 2 of 2 


 
 


Cc: Chief, Air, Toxics, and Inspections Coordination Branch, EPA Region 6, Dallas, TX 


Air Toxics & Enforcement Section, US EPA, Region 6, Dallas, TX  


Director, Air Enforcement Division, Office of Civil Enforcement, East Hanover, NJ  


Director, Air Enforcement Division, Office of Civil Enforcement, EPA, Washington, DC 


Legal Division, Arkansas Department of Environmental Quality, North Little Rock, AR  


 


 Environmental Library File:  (AI-03-01) 


 




















Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4039 3 0.07%
Alkylation 5 1987 16 0.81%


Isomerization 6 1768 4 0.23%
Fluid Catalytic Cracker 7 549 0 0.00%
Diesel Hydrotreating 8 1439 1 0.07%


Platforming 9 2863 14 0.49%
Tier 2 Gasoline 


Hydrotreater
10


970 0 0.00%


Heavy Oils (Cat Feed) 
Hydrotreating


12
987


1 0.10%


Gas Concentration & 
Saturated Gas


14
1883 3 0.16%


Tier 2 Gasoline Splitter 14a 380 3 0.79%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 203 0 0.00%
NaHS Unit 18 261 1 0.38%


Hydrogen Unit 25 551 1 0.18%
Treaters Unit 26 498 0 0.00%


Boilers Boilers 569 2 0.35%
Flare Gas Recovery FGRS 218 0 0.00%


Tank Farm TF 3032 3 0.10%
Loading Rack Trk Rack 810 0 0.00%


Total 23,099 52 0.23%


Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,198 4 0.10%
Alkylation 5 2,020 2 0.10%


Isomerization 6 1,766 9 0.51%
Fluid Catalytic Cracker 7 565 0 0.00%
Diesel Hydrotreating 8 1,482 2 0.13%


Platforming 9 2,936 15 0.51%
Tier 2 Gasoline 


Hydrotreater
10 992 2 0.20%


Heavy Oils (Cat Feed) 
Hydrotreating Unit


12 988 9 0.91%


Gas Concentration & 
Saturated Gas


14 1,931 4 0.21%


Tier 2 Gasoline Splitter 14a 396 5 1.26%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 203 0 0.00%
NaHS Unit 18 261 0 0.00%


Hydrogen Unit 25 568 4 0.70%
Treaters Unit 26 500 0 0.00%


Boilers Boilers 565 0 0.00%
Flare Gas Recovery FGRS 223 0 0.00%


Tank Farm TF 3,091 0 0.00%
Loading Rack Trk Rack 812 1 0.12%


Total 23,589 57 0.24%


Leak rates on a process-unit-by-process-unit basis


4th Quarter 2020 Monitoring


3rd Quarter 2020 Monitoring







3rd Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,089               4,033          -            2                -            56             1               -            -            -            -            -            


#5 25                    14               -            -             -            11             -            -            -            -            -            -            


#6 21                    9                 -            1                -            12             2               -            -            -            -            -            


#7 555                  549             -            -             -            6               -            -            -            -            -            -            


#8 1,442               1,437          -            1                -            5               -            -            -            -            -            -            


#9 36                    11               -            -             -            25             1               -            -            -            -            -            


#10 973                  968             -            -             -            5               -            -            -            -            -            -            


#12 5                      1                 -            -             -            4               -            -            -            -            -            -            


#14 29                    7                 -            -             -            22             -            -            -            -            -            -            


#14a 377                  373             -            2                -            4               -            -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 2                      1                 -            -             -            1               -            -            -            -            -            -            


#25 5                      5                 -            1                -            -            -            -            -            -            -            -            


#26 503                  498             -            -             -            5               -            -            -            -            -            -            


Boilers 5                      4                 -            -             -            1               -            -            -            -            -            -            


FGRS 1                      1                 -            -             -            -            -            -            -            -            -            -            


Tank Farm 83                    6                 -            1                -            77             -            -            -            -            -            -            


Truck Rack 829                  810             -            -             -            19             -            -            -            -            -            -            


Total 8,980               8,727          -            8                -            253           4               -            -            -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 59                    3                 -            -             -            56             -            -            -            -            -            -            


#5 1,970               1,959          -            14              -            11             1               -            -            -            -            -            


#6 20                    8                 -            -             -            12             2               -            -            -            -            -            


#7 6                      -              -            -             -            6               -            -            -            -            -            -            


#8 6                      1                 -            -             -            5               -            -            -            -            -            -            


#9 35                    10               -            -             -            25             1               -            -            -            -            -            


#10 7                      2                 -            -             -            5               -            -            -            -            -            -            


#12 4                      -              -            -             -            4               -            -            -            -            -            -            


#14 1,892               1,870          -            3                -            22             1               -            -            -            -            -            


#14a 8                      4                 -            -             -            4               -            -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 2                      1                 -            -             -            1               -            -            -            -            -            -            


#25 545                  545             -            -             -            -            -            -            -            -            -            -            


#26 5                      -              -            -             -            5               -            -            -            -            -            -            


Boilers 5                      4                 -            -             -            1               -            -            -            -            -            -            


FGRS 217                  217             -            -             -            -            -            -            -            -            -            -            


Tank Farm 3,098               3,021          -            2                -            77             -            -            -            -            -            -            


Truck Rack 19                    -              -            -             -            19             -            -            -            -            -            -            


Total 7,898               7,645          -            19              -            253           5               -            -            -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 59                    3                 -            1                -            56             -            -            -            -            -            -            


#5 25                    14               -            2                -            11             -            -            -            -            -            -            


#6 1,763               1,751          -            3                -            12             -            -            -            -            -            -            


#7 6                      -              -            -             -            6               -            -            -            -            -            -            


#8 6                      1                 -            -             -            5               1               1               -            -            -            1               


#9 2,868               2,834          8               14              -            26             2               -            -            -            -            -            


#10 5                      -              -            -             -            5               -            -            -            -            -            -            


#12 990                  986             -            1                -            4               -            -            -            -            -            -            


#14 28                    6                 -            -             -            22             -            -            -            -            -            -            


#14a 7                      3                 -            1                -            4               -            -            -            -            -            -            


#15 92                    92               -            -             -            -            -            -            -            -            -            -            


#17 203                  203             -            -             -            -            -            -            -            -            -            -            


#18 260                  259             -            1                -            1               -            -            -            -            -            -            


#25 1                      1                 -            -             -            -            -            -            -            -            -            -            


#26 5                      -              -            -             -            5               -            -            -            -            -            -            


Boilers 562                  561             -            2                -            1               -            -            -            -            -            -            


FGRS -                  -              -            -             -            -            -            -            -            -            -            -            


Tank Farm 82                    5                 -            -             -            77             -            -            -            -            -            -            


Truck Rack 19                    -              -            -             -            19             -            -            -            -            -            -            


Total 6,981               6,719          8               25              -            254           3               1               -            -            -            1               


Unit
Total Valves 
Monitored


Valve 
Leaks 


Detected
% Leakers


#4a 4,039               3                 0.07%


#5 1,987               16               0.81%


#6 1,768               4                 0.23%


#7 549                  -              0.00%


#8 1,439               1                 0.07%


#9 2,863               14               0.49%


#10 970                  -              0.00%


#12 987                  1                 0.10%


#14 1,883               3                 0.16%


#14a 380                  3                 0.79%


#15 92                    -              0.00%


#17 203                  -              0.00%


#18 261                  1                 0.38%


#25 551                  1                 0.18%


#26 498                  -              0.00%


Boilers 569                  2                 0.35%


FGRS 218                  -              0.00%


Tank Farm 3,032               3                 0.10%


Truck Rack 810                  -              0.00%


Total 23,099          52             0.23%


Sep-20
Valve(s) Pump(s) Compressor(s)


Quarterly Summary


Aug-20


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Unit
Total 


Component 
Monitored


Jul-20


Valve(s) Pump(s) Compressor(s)


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored







4th Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,248               4,069           119            4                 -            56             -            -            4               -            -            -            
#5 25                    14                -            2                 -            11             2               -            -            -            -            -            
#6 19                    7                  -            2                 -            12             -            -            -            -            -            -            
#7 572                  549              16              -             -            6               -            -            1               -            -            -            
#8 1,485               1,439           39              2                 -            5               -            -            2               -            -            -            
#9 57                    31                -            4                 -            26             3               1               -            -            -            1               
#10 998                  968              20              2                 -            5               -            -            5               -            -            -            
#12 5                      1                  -            -             -            4               -            -            -            -            -            -            
#14 28                    6                  -            -             -            22             -            -            -            -            -            -            
#14a 388                  373              11              5                 -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 -                   -               -            -             -            -            -            -            -            -            -            -            
#18 2                      1                  -            -             -            1               -            -            -            -            -            -            
#25 -                   -               -            -             -            -            -            -            -            -            -            -            
#26 505                  498              2                -             -            5               -            -            -            -            -            -            


Boilers 3                      2                  -            -             -            1               -            -            -            -            -            -            
FGRS -                   -               -            -             -            -            -            -            -            -            -            -            


Tank Farm 148                  2                  69              -             -            77             -            -            -            -            -            -            
Truck Rack 829                  810              -            1                 -            19             -            -            -            -            -            -            


Total 9,312               8,770           276            22               -            254           5               1               12             -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 61                    5                  -            -             -            56             -            -            -            -            -            -            
#5 2,013               1,959           40              -             -            11             -            -            3               -            -            -            
#6 21                    7                  -            -             -            12             -            -            2               -            -            -            
#7 6                      -               -            -             -            6               -            -            -            -            -            -            
#8 7                      2                  -            -             -            5               -            -            -            -            -            -            
#9 61                    31                -            -             -            26             1               -            4               -            -            -            
#10 7                      2                  -            -             -            5               -            -            -            -            -            -            
#12 5                      1                  -            -             -            4               -            -            -            -            -            -            
#14 1,935               1,866           47              4                 1               22             2               -            -            -            -            1               
#14a 10                    6                  -            -             -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 -                   -               -            -             -            -            -            -            -            -            -            -            
#18 2                      1                  -            -             -            1               -            -            -            -            -            -            
#25 568                  545              19              4                 -            -            -            -            4               -            -            -            
#26 5                      -               -            -             -            5               -            -            -            -            -            -            


Boilers 3                      2                  -            -             -            1               -            -            -            -            -            -            
FGRS 229                  217              6                -             -            -            -            -            6               -            -            -            


Tank Farm 3,097               3,020           -            -             -            77             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 8,050               7,665           112            8                 1               254           3               -            19             -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 61                    5                  -            -             -            56             -            -            -            -            -            -            


#5 18                    7                  -            -             -            11             -            -            -            -            -            -            
#6 1,764               1,752           -            7                 -            12             1               -            -            -            -            -            
#7 6                      -               -            -             -            6               -            -            -            -            -            -            
#8 7                      2                  -            -             -            5               -            -            -            -            -            -            
#9 2,901               2,874           -            11               -            26             1               -            1               -            -            -            
#10 7                      2                  -            -             -            5               -            -            -            -            -            -            
#12 990                  986              -            9                 -            4               -            -            -            -            -            -            
#14 34                    12                -            -             -            22             -            -            -            -            -            -            
#14a 10                    6                  -            -             -            4               -            -            -            -            -            -            
#15 92                    92                -            -             -            -            -            -            -            -            -            -            
#17 203                  203              -            -             -            -            -            -            -            -            -            -            
#18 260                  259              -            -             -            1               -            -            -            -            -            -            
#25 4                      4                  -            -             -            -            -            -            -            -            -            -            
#26 5                      -               -            -             -            5               -            -            -            -            -            -            


Boilers 562                  561              -            -             -            1               -            -            -            -            -            -            
FGRS -                   -               -            -             -            -            -            -            -            -            -            -            


Tank Farm 77                    -               -            -             -            77             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 7,021               6,766           -            27               -            254           2               -            1               -            -            -            


Unit
Total Valves 
Monitored


Leaks 
Detected


% Leakers


#4a 4,198               4                  0.10%


#5 2,020               2                  0.10%
#6 1,766               9                  0.51%
#7 565                  -               0.00%
#8 1,482               2                  0.13%
#9 2,936               15                0.51%
#10 992                  2                  0.20%
#12 988                  9                  0.91%
#14 1,931               4                  0.21%
#14a 396                  5                  1.26%
#15 92                    -               0.00%
#17 203                  -               0.00%
#18 261                  -               0.00%
#25 568                  4                  0.70%
#26 500                  -               0.00%


Boilers 565                  -               0.00%
FGRS 223                  -               0.00%


Tank Farm 3,091               -               0.00%
Truck Rack 812                  1                  0.12%


Total 23,589           57              0.24%


Leaks Detected


4898 0


Total 
Component 
Monitored


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Unit


Nov-20
Valve(s) Pump(s) Compressor(s)


Closed Vent System Visual Inspections


Total Equip 
Added to 
DOR List


Dec-20
Valve(s) Pump(s) Compressor(s)


Total Equip 
Added to 
DOR List


Quarterly Summary


Total Components Inspected


Oct-20
Valve(s) Pump(s) Compressor(s)


Total Equip 
Added to 
DOR List







Unit Reg Tag #
Equipment 
Category


Leak Source
Date Placed on 
Delay of Repair


Reason for Delay Approved By


4a Consent 001553 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


6 Consent 61134B RELIEF Bonnet 03/10/2014 Repair is technically infeasible without a process unit shutdown. Denny Parker


9 Consent 002558 PUMP Seal 11/18/2020 Repair is technically infeasible without a process unit shutdown. Aaron Fogle


14 Consent 000003A VALVE Packing 12/06/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14 Consent 000855 VALVE Bonnet 05/13/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 001988 VALVE Packing 12/17/2020 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14 Consent 002192 PUMP Seal 03/10/2017 (For Pumps) - Repair requires the use of a dual mechanical system that includes a barrier fluid. Alan Simmons


14 Consent 002518B VALVE Packing 09/05/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14a Consent 001156 VALVE Packing 08/01/2019 Repair is technically infeasible without a process unit shutdown. Cody Dykes


9 as of 12/31/2020


Equipment Currently on Delay of Repair


Total Delay of Repair Items:







Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
July Pump Consent N Out of Service 1
July Pump Consent N Returned to Service 1


September Valve Consent N Added 4
December Valve Consent N Added 1


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
July Valve Consent N Returned to Service 3


October Pump Consent N Out of Service 1
October Pump Consent N Returned to Service 1
October Valve Consent N Returned to Service 2


Month Class Regulation Code Type of Change Number Changed
September Pump Consent N Out of Service 2
September Pump Consent N Returned to Service 2
September Valve Consent N Returned to Service 1


October Pump Consent N Returned to Service 1
October Valve Consent N Added 17


November Valve Consent N Deleted 2
December Valve Consent N Returned to Service 21
December Compressor Consent N Returned to Service 1
December Valve Consent N Added 2


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
July Pump Consent N Returned to Service 1


Month Class Regulation Code Type of Change Number Changed


Component Changes July 2020 - Dec 2020


Unit 4a


Unit 5


Unit 6


Unit 7


Unit 14a


None


None


None


None


None


Unit 8


Unit 14


Unit 12


Unit 9


Unit 10


None







Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
July Pump Consent N Out of Service 1


August Valve Consent N Out of Service 3
August Pump Consent N Returned to Service 1
August Valve Consent N Added 2


Month Class Regulation Code Type of Change Number Changed


28
2
8
35


None


Total Returned to Service


Summary
Total Added


Tank Farm


Truck Rack


None


Unit 15


None


None


None


None


None


Unit 26


Total Removed
Total Out of Service


Boilers


FGRS


None


Unit 17


Unit 18


Unit 25


CVS


None







No. 5 Alky 10/7/20 to 10/9/20
No. 6 Isom 10/27/20 to 10/30/20
No. 6 Isom 11/21/20 to 11/28/20
No. 6 HTU 11/21/20 to 11/27/20
No. 4 CDU 11/21/20 to 11/26/20
No. 4 VDU 11/21/20 to 11/26/20


No. 25 H2 PSA 11/21/20 to 11/28/20
No. 5 Alky 11/21/20 to 11/30/20


No. 12 HDS 11/21/20 to 12/1/20
No. 10 HDS 11/21/20 to 11/26/20
No. 9 HTU 11/21/20 to 11/27/20
No. 9 Plat. 11/22/20 to 11/27/20
No. 8 HDS 11/22/20 to 11/27/20
No. 7 FCC 11/22/20 to 11/27/20


No. 25 H2 Ref. 11/22/20 to 11/23/20
No. 7 FCC 11/27/20 to 11/29/20


Consent Semi-Annual Process Unit Shutdown Dates


In general, repair of equipment on the delay of repair (DOR) log was not
conducted during short-term, unplanned, process unit shutdowns when the
process unit was returned to service without being degassed or
depressurized as contemplated by 40 CFR § 60.482-9 (C)(1) and consistent
with the definition of "process unit shutdown".







Unit Next Month Monitoring Event
4a January 2021
7 January 2021
8 January 2021
10 January 2021
14a January 2021
26 January 2021


Trk Rack January 2021
5 February 2021
14 February 2021


FGRS February 2021
25 February 2021


Tank Farm February 2021
6 March 2021
9 March 2021
12 March 2021
15 March 2021
17 March 2021
18 March 2021


Boilers March 2021


EDR LDAR Training
Pursuant to EDR Consent Decree Paragraph(B)(i)(ii)(iii), all required training for LDAR personnel is
conducted by the following measures: 


Contract LDAR personnel are trained initially and annually thereafter through a PowerPoint instructor led
training. Training documentation is maintained at the refinery.


EDR Maintenance and Operations personnel are trained initially and annually thereafter through
computer-based training (CBT). Training documentation is maintained at the refinery.


All LDAR training required during 2020 has been completed. Training documentation is maintained at
the refinery.


Consent Decree Next Month Monitoring
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2020 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657


Second Quarter 2020 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 26,000 0.3 29,000 0.3 53,000 0.3 149 36.00 0.005 0.020
2- Vac Truck 27,400 1.0 45,800 0.4 11,000 1.2 432 28.91 0.012 0.068
3 - WWTP Feed 500 2,002 540 2,034 890 1,200 867,587 0.60 0.525 3.826
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.543 3.914
















Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4032 13 0.32%
Alkylation 5 2028 23 1.13%


Isomerization 6 1796 5 0.28%
Fluid Catalytic Cracker 7 554 2 0.36%
Diesel Hydrotreating 8 1458 14 0.96%


Platforming 9 2898 20 0.69%
Tier 2 Gasoline 


Hydrotreater
10


987 7 0.71%


Heavy Oils (Cat Feed) 
Hydrotreating


12
1004


14 1.39%


Gas Concentration & 
Saturated Gas


14
1904 14 0.74%


Tier 2 Gasoline Splitter 14a 380 4 1.05%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 202 0 0.00%
NaHS Unit 18 260 0 0.00%


Hydrogen Unit 25 400 1 0.25%
Treaters Unit 26 506 3 0.59%


Boilers Boilers 575 10 1.74%
Flare Gas Recovery FGRS 219 0 0.00%


Tank Farm TF 3034 4 0.13%
Loading Rack Trk Rack 813 0 0.00%


Total 23,142 134 0.58%


Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,072 6 0.15%
Alkylation 5 2,007 4 0.20%


Isomerization 6 1,776 11 0.62%
Fluid Catalytic Cracker 7 554 2 0.36%
Diesel Hydrotreating 8 1,435 6 0.42%


Platforming 9 2,912 20 0.69%
Tier 2 Gasoline 


Hydrotreater
10 979 2 0.20%


Heavy Oils (Cat Feed) 
Hydrotreating Unit


12 930 9 0.97%


Gas Concentration & 
Saturated Gas


14 1,918 12 0.63%


Tier 2 Gasoline Splitter 14a 378 2 0.53%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 202 0 0.00%
NaHS Unit 18 261 1 0.38%


Hydrogen Unit 25 399 1 0.25%
Treaters Unit 26 504 2 0.40%


Boilers Boilers 590 12 2.03%
Flare Gas Recovery FGRS 221 0 0.00%


Tank Farm TF 3,042 19 0.62%
Loading Rack Trk Rack 811 1 0.12%


Total 23,083 110 0.48%


Leak rates on a process-unit-by-process-unit basis


2nd Quarter 2019 Monitoring


1st Quarter 2019 Monitoring







1st Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,035               3,979          -            11              -            56             -            -            -            -            -            -            


#5 29                    16               1               2                -            12             1               -            -            -            -            -            


#6 24                    12               -            3                -            12             2               -            -            -            -            -            


#7 555                  548             -            2                -            6               -            -            1               -            -            -            


#8 1,433               1,428          -            14              -            5               -            -            -            -            -            -            


#9 44                    18               -            4                -            26             2               -            -            -            -            -            


#10 974                  968             1               5                -            5               -            -            -            -            -            -            


#12 14                    10               -            4                -            4               -            -            -            -            -            -            


#14 35                    13               -            1                -            22             5               -            -            -            -            -            


#14a 376                  372             -            4                -            4               -            -            -            -            -            1               


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 1                      -              -            -             -            1               -            -            -            -            -            -            


#25 2                      2                 -            -             -            -            -            -            -            -            -            -            


#26 503                  498             -            3                -            5               -            -            -            -            -            -            


Boilers 18                    17               -            -             -            1               -            -            -            -            -            -            


FGRS 3                      3                 -            -             -            -            -            -            -            -            -            -            


Tank Farm 100                  22               1               -             -            77             -            -            -            -            -            -            


Truck Rack 831                  809             -            -             -            22             -            -            -            -            -            -            


Total 8,977               8,715          3               53              -            258           10             -            1               -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 88                    36               -            -             -            52             -            -            -            -            -            -            


#5 1,994               1,982          1               21              -            11             -            -            -            -            -            -            


#6 24                    12               -            1                -            12             -            -            -            -            -            -            


#7 11                    4                 -            -             -            6               -            -            1               -            -            -            


#8 20                    15               -            -             -            5               -            -            -            -            -            -            


#9 43                    17               -            1                -            26             -            -            -            -            -            -            


#10 14                    9                 -            -             -            5               -            -            -            -            -            -            


#12 14                    10               -            2                -            4               -            -            -            -            -            -            


#14 1,890               1,868          -            12              -            22             2               -            -            -            -            -            


#14a 8                      4                 -            -             -            4               -            -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 1                      -              -            -             -            1               -            -            -            -            -            -            


#25 397                  397             -            1                -            -            -            -            -            -            -            -            


#26 9                      4                 -            -             -            5               -            -            -            -            -            -            


Boilers 5                      4                 -            -             -            1               -            -            -            -            -            -            


FGRS 215                  215             -            -             -            -            -            -            -            -            -            -            


Tank Farm 3,082               3,004          1               4                -            77             2               -            -            -            -            -            


Truck Rack 22                    3                 -            -             -            19             -            -            -            -            -            -            


Total 7,837               7,584          2               42              -            250           4               -            1               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 69                    17               -            2                -            52             1               -            -            -            -            -            


#5 39                    27               1               -             -            11             -            -            -            -            -            -            


#6 1,784               1,772          -            1                -            12             -            -            -            -            -            -            


#7 9                      2                 -            -             -            6               -            -            1               -            -            -            


#8 20                    15               -            -             -            5               -            -            -            -            -            -            


#9 2,889               2,863          -            15              -            26             1               -            -            -            -            -            


#10 14                    9                 -            2                -            5               -            -            -            -            -            -            


#12 988                  984             -            8                -            4               -            -            -            -            -            -            


#14 45                    23               -            1                -            22             -            -            -            -            -            -            


#14a 8                      4                 -            -             -            4               -            -            -            -            -            -            


#15 92                    92               -            -             -            -            -            -            -            -            -            -            


#17 202                  202             -            -             -            -            -            -            -            -            -            -            


#18 261                  260             -            -             -            1               -            -            -            -            -            -            


#25 1                      1                 -            -             -            -            -            -            -            -            -            -            


#26 9                      4                 -            -             -            5               -            -            -            -            -            -            


Boilers 555                  554             -            10              -            1               -            -            -            -            -            -            


FGRS 1                      1                 -            -             -            -            -            -            -            -            -            -            


Tank Farm 83                    6                 -            -             -            77             -            -            -            -            -            -            


Truck Rack 20                    1                 -            -             -            19             -            -            -            -            -            -            


Total 7,089               6,837          1               39              -            250           2               -            1               -            -            -            


Unit
Total Valves 
Monitored


Valve 
Leaks 


Detected
% Leakers


#4a 4,032               13               0.32%


#5 2,028               23               1.13%


#6 1,796               5                 0.28%


#7 554                  2                 0.36%


#8 1,458               14               0.96%


#9 2,898               20               0.69%


#10 987                  7                 0.71%


#12 1,004               14               1.39%


#14 1,904               14               0.74%


#14a 380                  4                 1.05%


#15 92                    -              0.00%


#17 202                  -              0.00%


#18 260                  -              0.00%


#25 400                  1                 0.25%


#26 506                  3                 0.59%


Boilers 575                  10               1.74%


FGRS 219                  -              0.00%


Tank Farm 3,034               4                 0.13%


Truck Rack 813                  -              0.00%


Total 23,142          134           0.58%


Unit
Total 


Component 
Monitored


Jan-19


Valve(s) Pump(s) Compressor(s)


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


Feb-19


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Mar-19
Valve(s) Pump(s) Compressor(s)


Quarterly Summary







2nd Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,046               3,990           -            4                 -            56             -            -            -            -            -            -            
#5 39                    27                1                1                 -            11             -            -            -            -            -            -            
#6 16                    4                  -            1                 -            12             -            -            -            -            -            -            
#7 555                  548              -            2                 -            6               -            -            1               -            -            -            
#8 1,432               1,427           -            4                 -            5               -            -            -            -            -            -            
#9 48                    22                -            3                 -            26             1               -            -            -            -            -            
#10 970                  965              -            2                 -            5               -            -            -            -            -            -            
#12 15                    11                -            4                 -            4               -            -            -            -            -            -            
#14 45                    23                -            1                 -            22             2               -            -            -            -            -            
#14a 376                  372              -            2                 -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 -                   -               -            -             -            -            -            -            -            -            -            -            
#18 1                      -               -            -             -            1               -            -            -            -            -            -            
#25 1                      1                  -            -             -            -            -            -            -            -            -            -            
#26 503                  498              -            2                 -            5               -            -            -            -            -            -            


Boilers 14                    13                -            4                 -            1               -            -            -            -            -            -            
FGRS 1                      1                  -            -             -            -            -            -            -            -            -            -            


Tank Farm 83                    6                  -            2                 -            77             2               -            -            -            -            -            
Truck Rack 828                  809              -            1                 -            19             -            -            -            -            -            -            


Total 8,973               8,717           1                33               -            254           5               -            1               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 97                    41                -            2                 -            56             -            -            -            -            -            -            
#5 1,976               1,964           1                2                 -            11             2               -            -            -            -            -            
#6 16                    4                  -            -             -            12             -            -            -            -            -            -            
#7 10                    3                  -            -             -            6               -            -            1               -            -            -            
#8 9                      4                  -            1                 -            5               -            -            -            -            -            -            
#9 56                    30                -            5                 -            26             3               -            -            -            -            1               
#10 13                    8                  -            -             -            5               -            -            -            -            -            -            
#12 14                    10                -            1                 -            4               -            -            -            -            -            -            
#14 1,886               1,864           -            11               -            22             2               -            -            -            -            -            
#14a 7                      3                  -            -             -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 1                      1                  -            -             -            -            -            -            -            -            -            -            
#18 1                      -               -            -             -            1               -            -            -            -            -            -            
#25 397                  397              -            1                 -            -            -            -            -            -            -            -            
#26 8                      3                  -            -             -            5               -            -            -            -            -            -            


Boilers 18                    17                -            2                 -            1               -            -            -            -            -            -            
FGRS 217                  217              -            -             -            -            -            -            -            -            -            -            


Tank Farm 3,088               3,011           -            14               -            77             1               -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 7,834               7,578           1                39               -            254           8               -            1               -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 96                    41                -            -             -            55             -            -            -            -            -            -            


#5 25                    13                1                1                 -            11             -            -            -            -            -            -            
#6 1,780               1,768           -            10               -            12             -            -            -            -            -            -            
#7 10                    3                  -            -             -            6               -            -            1               -            -            -            
#8 9                      4                  -            1                 -            5               -            -            -            -            -            -            
#9 2,886               2,860           -            12               -            26             -            -            -            -            -            -            
#10 11                    6                  -            -             -            5               1               -            -            -            -            -            
#12 913                  909              -            4                 -            4               -            -            -            -            -            -            
#14 53                    31                -            -             -            22             3               -            -            -            -            -            
#14a 7                      3                  -            -             -            4               -            -            -            -            -            -            
#15 92                    92                -            -             -            -            -            -            -            -            -            -            
#17 201                  201              -            -             -            -            -            -            -            -            -            -            
#18 262                  261              -            1                 -            1               -            -            -            -            -            -            
#25 1                      1                  -            -             -            -            -            -            -            -            -            -            
#26 8                      3                  -            -             -            5               -            -            -            -            -            -            


Boilers 561                  560              -            6                 -            1               -            -            -            -            -            -            
FGRS 3                      3                  -            -             -            -            -            -            -            -            -            -            


Tank Farm 102                  25                -            3                 -            77             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 7,040               6,785           1                38               -            253           4               -            1               -            -            -            


Unit
Total Valves 
Monitored


Leaks 
Detected


% Leakers


#4a 4,072               6                  0.15%


#5 2,007               4                  0.20%
#6 1,776               11                0.62%
#7 554                  2                  0.36%
#8 1,435               6                  0.42%
#9 2,912               20                0.69%
#10 979                  2                  0.20%
#12 930                  9                  0.97%
#14 1,918               12                0.63%
#14a 378                  2                  0.53%
#15 92                    -               0.00%
#17 202                  -               0.00%
#18 261                  1                  0.38%
#25 399                  1                  0.25%
#26 504                  2                  0.40%


Boilers 590                  12                2.03%
FGRS 221                  -               0.00%


Tank Farm 3,042               19                0.62%
Truck Rack 811                  1                  0.12%


Total 23,083           110            0.48%


Unit


Total Equip 
Added to 
DOR List


Jun-19


Apr-19
Valve(s) Pump(s) Compressor(s)


Total Equip 
Added to 
DOR List


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Quarterly Summary


Total 
Component 
Monitored


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


May-19
Valve(s) Pump(s) Compressor(s)







Unit Reg Tag #
Equipment 
Category


Leak Source
Date Placed on 
Delay of Repair


Reason for Delay Approved By


4a Consent 001553 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


6 Consent 61134B RELIEF Bonnet 03/10/2014 Repair is technically infeasible without a process unit shutdown. Denny Parker


9 Consent 002479 VALVE Bonnet 06/05/2019 Repair is technically infeasible without a process unit shutdown. Michael Patterson


14 Consent 000855 VALVE Bonnet 05/13/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 002192 PUMP Seal 03/10/2017 (For Pumps) - Repair requires the use of a dual mechanical system that includes a barrier fluid. Alan Simmons


5


Equipment Currently on Delay of Repair


Total Delay of Repair Items:







Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Deleted 4
January Valve Consent NTM Added to OOS 19
January Pump Consent NTM Added to OOS 2
February Valve Consent NTM Added to OOS 1
February Pump Consent NTM Added to OOS 6
February Valve Consent NTM Added 2
February Valve Consent NTM Returned to Service 17
February Pump Consent NTM Returned to Service 4


March Pump Consent NTM Added to OOS 20
March Pump Consent NTM Returned to Service 2
April Valve Consent NTM Deleted 7
April Pump Consent NTM Returned to Service 22
May Valve Consent NTM Added 31
May Pump Consent NTM Added to OOS 2
April Pump Consent NTM Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
January Pump Consent NTM Added to OOS 1
February Valve Consent NTM Added to OOS 8


March Pump Consent NTM Added to OOS 15
March Pump Consent NTM Returned to Service 11
April Pump Consent NTM Returned to Service 4
May Valve Consent NTM Deleted 4
May Valve Consent NTM Added to OOS 14


Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 6
April Pump Consent NTM Returned to Service 6
June Valve Consent NTM Added to OOS 4


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added 2
March Pump Consent NTM Added to OOS 11
March Pump Consent NTM Returned to Service 6
April Pump Consent NTM Returned to Service 5
May Valve Consent NTM Added 1


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added to OOS 1453
January Valve Consent DTM Added to OOS 39
January Pump Consent NTM Added to OOS 5
January Compressor Consent NTM Added to OOS 2
January Valve Consent NTM Returned to Service 1453
January Valve Consent DTM Returned to Service 39
January Pump Consent NTM Returned to Service 5
January Compressor Consent NTM Returned to Service 2
January Valve Consent NTM Deleted 1
March Pump Consent NTM Added to OOS 4
April Valve Consent NTM Deleted 1
April Pump Consent NTM Returned to Service 4


Unit 8


Component Changes 1/1/19 - 6/30/19


Unit 4a


Unit 5


Unit 6


Unit 7







Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 15
March Valve Consent NTM Added to OOS 5
April Pump Consent NTM Returned to Service 15
June Valve Consent NTM Added to OOS 3


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Deleted 1
March Pump Consent NTM Added to OOS 9
March Pump Consent NTM Returned to Service 5
April Valve Consent NTM Deleted 3
April Pump Consent NTM Returned to Service 4


Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 6
March Pump Consent NTM Returned to Service 4
April Pump Consent NTM Returned to Service 2
June Valve Consent NTM Added to OOS 76


Month Class Regulation Code Type of Change Number Changed
February Valve Consent NTM Added to OOS 16


March Pump Consent NTM Added to OOS 32
March Pump Consent NTM Returned to Service 22
April Pump Consent NTM Returned to Service 10
May Valve Consent NTM Added 6
May Valve Consent NTM Deleted 8
May Valve Consent NTM Added to OOS 2


Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 6
March Pump Consent NTM Returned to Service 4
April Pump Consent NTM Returned to Service 2


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
May Valve Consent NTM Deleted 1


Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 1
April Pump Consent NTM Returned to Service 1


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


No Changes Made


Unit 17


Unit 9


Unit 10


Unit 12


Unit 14


Unit 15


Unit 14a


No Changes Made


No Changes Made


Unit 18


Unit 25


Unit 26







Month Class Regulation Code Type of Change Number Changed
May Valve Consent NTM Added 5


Month Class Regulation Code Type of Change Number Changed
February Valve Consent NTM Added 7
February Connector Consent NTM Added 14


Month Class Regulation Code Type of Change Number Changed
May Valve Consent NTM Added 2


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added 13
January Valve Consent DTM Added 1
February Valve Consent NTM Added to OOS 5
February Pump Consent NTM Added to OOS 1


May Valve Consent NTM Added 7
June Valve Consent NTM Added to OOS 3


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added 2
February Pump Consent NTM Returned to Service 1


93
26


1764
1651


Total Removed
Total Out of Service


Boilers


FGRS


Total Returned to Service


Summary


Tank Farm


Truck Rack


CVS


Total Added







No. 8 HDS 1/7/2019-1/21/2019
No. 9 Plat. 1/9/2019-1/15/2019
No. 9 HTU 1/9/2019-1/15/2019
No. 4 CDU 2/5/2019-2/14/2019
No. 7 FCC 3/9/2019-4/21/2019


No. 10 HDS 3/10/2019-4/27/2019
No. 5 Alky 3/10/2019-4/27/2019
No. 4 CDU 3/11/2019-4/19/2019
No. 4 VDU 3/11/2019-4/20/2019
No. 6 Isom 3/11/2019-4/26/2019
No. 6 HTU 3/11/2019-4/26/2019
No. 8 HDS 3/11/2019-4/24/2019
No. 9 HTU 3/11/2019-4/25/2019
No. 9 Plat. 3/11/2019-4/25/2019
LP FGRU 3/11/2019-4/16/2019
No. 7 FCC 5/7/2019-5/8/2019


No. 12 HDS 5/16/2019-5/25/2019
No. 8 HDS 5/22/2019-5/28/2019


No. 25 H2 PSA 6/12/2019-6/14/2019
No. 6 HTU/ISOM 6/19/2019-6/24/2019
No. 9 Plat/HTU 6/21/2019-6/24/2019


No. 12 HDS 6/21/2019-6/27/2019
No. 5 ALKY 6/23/2019-6/26/2019
No. 8 HDS 6/23/2019-6/25/2019
No. 7 FCC 6/23/2019-6/25/2019


Consent Semi-Annual Process Unit Shutdown Dates


In general, repair of equipment on the delay of repair (DOR) log was not
conducted during short-term, unplanned, process unit shutdowns when the
process unit was returned to service without being degassed or depressurized as
contemplated by 40 CFR § 60.482-9 (C)(1) and consistent with the definition of
"process unit shutdown".







Unit Next Month Monitoring Event
4a July 2019
7 July 2019
8 July 2019
10 July 2019
14a July 2019
26 July 2019


Trk Rack July 2019
5 August 2019
14 August 2019


FGRS August 2019
25 August 2019


Tank Farm August 2019
6 September 2019
9 September 2019
12 September 2019
15 September 2019
17 September 2019
18 September 2019


Boilers September 2019


EDR LDAR Training
Pursuant to EDR Consent Decree Paragraph(B)(i)(ii)(iii), all required training for LDAR personnel is conducted
by the following measures: 


LDAR contractor personnel are trained initially and annually thereafter through a PowerPoint instructor led
training. Training documentation is maintained at the refinery.


EDR Maintenance and Operations personnel are trained initially and annually thereafter through computer-
based training (CBT). Training documentation is maintained at the refinery.


All LDAR training required during calendar year 2019 is in progress and will be completed by year end. Training
documentation is maintained onsite.


Consent Decree Next Month Monitoring




















Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,104 9 0.22%
Alkylation 5 1,993 40 2.01%


Isomerization 6 1,769 7 0.40%
Fluid Catalytic Cracker 7 552 0 0.00%
Diesel Hydrotreating 8 1,356 6 0.44%


Platforming 9 2,883 24 0.83%
Tier 2 Gasoline 


Hydrotreater
10 984 10 1.02%


Heavy Oils (Cat Feed) 
Hydrotreating


12 1,997 6 0.30%


Gas Concentration & 
Saturated Gas


14 1,906 20 1.05%


Tier 2 Gasoline Splitter 14a 385 8 2.08%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 203 0 0.00%
NaHS Unit 18 260 0 0.00%


Hydrogen Unit 25 563 18 3.20%
Treaters Unit 26 502 4 0.80%


Boilers Boilers 580 2 0.34%
Flare Gas Recovery FGRS 218 2 0.92%


Tank Farm TF 3,042 1 0.03%
Loading Rack Trk Rack 816 3 0.37%


Total 24,205 160 0.66%


Unit Name Unit #
Total Valves 
Monitored


Total Valves 
Found Leaking


Leak Rate


Crude Distillation 4a 4,051 8 0.20%
Alkylation 5 2,005 16 0.80%


Isomerization 6 1,814 11 0.61%
Fluid Catalytic Cracker 7 549 0 0.00%
Diesel Hydrotreating 8 1,442 2 0.14%


Platforming 9 2,963 17 0.57%
Tier 2 Gasoline 


Hydrotreater
10 980 9 0.92%


Heavy Oils (Cat Feed) 
Hydrotreating Unit


12 1,018 1 0.10%


Gas Concentration & 
Saturated Gas


14 1,900 6 0.32%


Tier 2 Gasoline Splitter 14a 378 2 0.53%
New NaHS Unit 15 92 0 0.00%


Sulfur 17 203 0 0.00%
NaHS Unit 18 259 1 0.39%


Hydrogen Unit 25 565 8 1.42%
Treaters Unit 26 499 0 0.00%


Boilers Boilers 566 5 0.88%
Flare Gas Recovery FGRS 219 1 0.46%


Tank Farm TF 3,029 7 0.23%
Loading Rack Trk Rack 812 1 0.12%


Total 23,344 95 0.41%


Leak Rates on a Process-Unit-By-Process-Unit Basis


2nd Quarter 2020 Monitoring


1st Quarter 2020 Monitoring







1st Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,127               4,071          -            7                -            56             -            -            -            -            -            -            


#5 18                    8                 -            -             -            10             2               -            -            -            -            -            


#6 27                    15               -            -             -            12             -            -            -            -            -            -            


#7 557                  551             -            -             -            6               -            -            -            -            -            -            


#8 1,352               1,347          -            4                -            5               -            -            -            -            -            -            


#9 43                    18               -            4                -            25             4               -            -            -            -            -            


#10 973                  968             -            8                -            5               -            -            -            -            -            -            


#12 1,011               986             19             4                -            4               -            -            2               -            -            -            


#14 36                    14               -            3                -            22             2               -            -            -            -            -            


#14a 377                  373             -            5                -            4               -            -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 2                      1                 -            -             -            1               -            -            -            -            -            -            


#25 3                      3                 -            -             -            -            -            -            -            -            -            -            


#26 503                  498             -            2                -            5               -            -            -            -            -            -            


Boilers 12                    11               -            -             -            1               -            -            -            -            -            -            


FGRS -                  -              -            -             -            -            -            -            -            -            -            -            


Tank Farm 97                    19               -            -             -            78             -            -            -            -            -            -            


Truck Rack 829                  810             -            3                -            19             -            -            -            -            -            -            


Total 9,967               9,693          19             40              -            253           8               -            2               -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 81                    25               -            2                -            56             1               -            -            -            -            -            


#5 1,965               1,954          -            31              1               11             -            -            -            -            -            1               


#6 19                    7                 -            2                -            12             2               -            -            -            -            -            


#7 7                      1                 -            -             -            6               -            -            -            -            -            -            


#8 10                    5                 -            2                -            5               -            -            -            -            -            -            


#9 36                    11               -            1                -            25             -            -            -            -            -            -            


#10 13                    8                 -            1                -            5               -            -            -            -            -            -            


#12 10                    6                 -            1                -            4               1               1               -            -            -            1               


#14 1,892               1,870          -            15              -            22             3               1               -            -            -            1               


#14a 10                    6                 -            1                -            4               1               -            -            -            -            -            


#15 -                  -              -            -             -            -            -            -            -            -            -            -            


#17 -                  -              -            -             -            -            -            -            -            -            -            -            


#18 1                      -              -            -             -            1               -            -            -            -            -            -            


#25 545                  545             -            15              -            -            -            -            -            -            -            -            


#26 7                      2                 -            2                -            5               -            -            -            -            -            -            


Boilers 9                      8                 -            2                -            1               -            -            -            -            -            -            


FGRS 217                  217             -            1                -            -            -            -            -            -            -            -            


Tank Farm 3,103               3,022          -            1                -            81             -            -            -            -            -            -            


Truck Rack 22                    3                 -            -             -            19             -            -            -            -            -            -            


Total 7,947               7,690          -            77              1               257           8               2               -            -            -            3               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 64                    8                 -            -             -            56             1               -            -            -            -            -            


#5 42                    31               -            9                -            11             1               -            -            -            -            -            


#6 1,759               1,747          -            5                -            12             -            -            -            -            -            -            


#7 6                      -              -            -             -            6               -            -            -            -            -            -            


#8 8                      4                 -            -             -            4               -            -            -            -            -            -            


#9 2,879               2,854          -            19              -            25             4               1               -            -            -            1               


#10 13                    8                 -            1                -            5               -            -            -            -            -            -            


#12 990                  986             -            1                -            4               -            -            -            -            -            -            


#14 44                    22               -            2                -            22             2               -            -            -            -            -            


#14a 10                    6                 -            2                -            4               -            -            -            -            -            -            


#15 92                    92               -            -             -            -            -            -            -            -            -            -            


#17 203                  203             -            -             -            -            -            -            -            -            -            -            


#18 260                  259             -            -             -            1               -            -            -            -            -            -            


#25 15                    15               -            3                -            -            -            -            -            -            -            -            


#26 7                      2                 -            -             -            5               -            -            -            -            -            -            


Boilers 562                  561             -            -             -            1               -            -            -            -            -            -            


FGRS 1                      1                 -            1                -            -            -            -            -            -            -            -            


Tank Farm 79                    1                 -            -             -            78             1               1               -            -            -            1               


Truck Rack 22                    3                 -            -             -            19             -            -            -            -            -            -            


Total 7,056               6,803          -            43              -            253           9               2               -            -            -            2               


Unit
Total Valves 
Monitored


Valve 
Leaks 


Detected
% Leakers


#4a 4,104               9                 0.22%


#5 1,993               40               2.01%


#6 1,769               7                 0.40%


#7 552                  -              0.00%


#8 1,356               6                 0.44%


#9 2,883               24               0.83%


#10 984                  10               1.02%


#12 1,997               6                 0.30%


#14 1,906               20               1.05%


#14a 385                  8                 2.08%


#15 92                    -              0.00%


#17 203                  -              0.00%


#18 260                  -              0.00%


#25 563                  18               3.20%


#26 502                  4                 0.80%


Boilers 580                  2                 0.34%


FGRS 218                  2                 0.92%


Tank Farm 3,042               1                 0.03%


Truck Rack 816                  3                 0.37%


Total 24,205          160           0.66%


Mar-20
Valve(s) Pump(s) Compressor(s)


Quarterly Summary


Feb-20


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Total Equip 
Added to 
DOR List


Unit
Total 


Component 
Monitored


Jan-20


Valve(s) Pump(s) Compressor(s)


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored







2nd Quarter LDAR Semi-Annual Equipment Monitoring Report 


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 4,089               4,033           -            8                 -            56             2               -            -            -            -            -            
#5 42                    31                -            8                 -            11             1               -            -            -            -            -            
#6 20                    8                  -            -             -            12             -            -            -            -            -            -            
#7 555                  549              -            -             -            6               -            -            -            -            -            -            
#8 1,439               1,434           -            2                 -            5               -            -            -            -            -            -            
#9 48                    23                -            6                 -            25             1               1               -            -            -            1               
#10 973                  968              -            5                 -            5               1               -            -            -            -            -            
#12 6                      2                  -            -             -            4               -            -            -            -            -            -            
#14 43                    21                -            2                 -            22             1               -            -            -            -            -            
#14a 377                  373              -            1                 -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 -                   -               -            -             -            -            -            -            -            -            -            -            
#18 1                      -               -            -             -            1               -            -            -            -            -            -            
#25 15                    15                -            3                 -            -            -            -            -            -            -            -            
#26 503                  498              -            -             -            5               -            -            -            -            -            -            


Boilers 3                      2                  -            1                 -            1               -            -            -            -            -            -            
FGRS 1                      1                  -            -             -            -            -            -            -            -            -            -            


Tank Farm 79                    1                  -            -             -            78             2               -            -            -            -            -            
Truck Rack 829                  810              -            1                 -            19             -            -            -            -            -            -            


Total 9,023               8,769           -            37               -            254           8               1               -            -            -            1               


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 65                    9                  -            -             -            56             1               -            -            -            -            -            
#5 1,965               1,954           -            5                 -            11             -            -            -            -            -            -            
#6 18                    6                  -            4                 -            12             3               -            -            -            -            -            
#7 6                      -               -            -             -            6               -            -            -            -            -            -            
#8 11                    6                  -            -             -            5               -            -            -            -            -            -            
#9 55                    31                -            1                 -            24             1               -            -            -            -            -            
#10 11                    6                  -            2                 -            5               -            -            -            -            -            -            
#12 6                      2                  -            1                 -            4               -            -            -            -            -            -            
#14 1,892               1,870           -            4                 -            22             -            -            -            -            -            -            
#14a 7                      3                  -            -             -            4               -            -            -            -            -            -            
#15 -                   -               -            -             -            -            -            -            -            -            -            -            
#17 -                   -               -            -             -            -            -            -            -            -            -            -            
#18 1                      -               -            -             -            1               -            -            -            -            -            -            
#25 545                  545              -            4                 -            -            -            -            -            -            -            -            
#26 6                      1                  -            -             -            5               -            -            -            -            -            -            


Boilers 2                      1                  -            -             -            1               -            -            -            -            -            -            
FGRS 217                  217              -            -             -            -            -            -            -            -            -            -            


Tank Farm 3,099               3,022           -            6                 -            77             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 7,926               7,674           -            27               -            252           5               -            -            -            -            -            


Total NTM 
Monitored


Total DTM 
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR
Monitored


Leaks 
Detected


Leaks 
added to 


DOR


#4a 65                    9                  -            -             -            56             -            -            -            -            -            -            


#5 31                    20                -            3                 -            11             -            -            -            -            -            -            
#6 1,812               1,747           53              7                 -            12             1               -            -            -            -            -            
#7 6                      -               -            -             -            6               -            -            -            -            -            -            
#8 7                      2                  -            -             -            5               -            -            -            -            -            -            
#9 2,934               2,834           75              10               -            25             1               -            -            -            -            -            
#10 11                    6                  -            2                 -            5               -            -            -            -            -            -            
#12 1,018               986              28              -             -            4               -            -            -            -            -            -            
#14 31                    9                  -            -             -            22             2               1               -            -            -            1               
#14a 6                      2                  -            1                 -            4               -            -            -            -            -            -            
#15 92                    92                -            -             -            -            -            -            -            -            -            -            
#17 203                  203              -            -             -            -            -            -            -            -            -            -            
#18 260                  259              -            1                 -            1               -            -            -            -            -            -            
#25 5                      5                  -            1                 -            -            -            -            -            -            -            -            
#26 5                      -               -            -             -            5               -            -            -            -            -            -            


Boilers 564                  561              2                4                 -            1               -            -            -            -            -            -            
FGRS 1                      1                  -            1                 -            -            -            -            -            -            -            -            


Tank Farm 83                    6                  -            1                 -            77             -            -            -            -            -            -            
Truck Rack 20                    1                  -            -             -            19             -            -            -            -            -            -            


Total 7,154               6,743           158            31               -            253           4               1               -            -            -            1               


Unit
Total Valves 
Monitored


Leaks 
Detected


% Leakers


#4a 4,051               8                  0.20%


#5 2,005               16                0.80%
#6 1,814               11                0.61%
#7 549                  -               0.00%
#8 1,442               2                  0.14%
#9 2,963               17                0.57%
#10 980                  9                  0.92%
#12 1,018               1                  0.10%
#14 1,900               6                  0.32%
#14a 378                  2                  0.53%
#15 92                    -               0.00%
#17 203                  -               0.00%
#18 259                  1                  0.39%
#25 565                  8                  1.42%
#26 499                  -               0.00%


Boilers 566                  5                  0.88%
FGRS 219                  1                  0.46%


Tank Farm 3,029               7                  0.23%
Truck Rack 812                  1                  0.12%


Total 23,344           95              0.41%


Total 
Component 
Monitored


Unit
Total 


Component 
Monitored


Unit
Total 


Component 
Monitored


May-20
Valve(s) Pump(s) Compressor(s)


Valve(s) Pump(s) Compressor(s)
Total Equip 
Added to 
DOR List


Quarterly Summary


Unit


Total Equip 
Added to 
DOR List


Jun-20


Apr-20
Valve(s) Pump(s) Compressor(s)


Total Equip 
Added to 
DOR List







Unit Reg Tag #
Equipment 
Category


Leak Source
Date Placed on 
Delay of Repair


Reason for Delay Approved By


4a Consent 001553 VALVE Packing 09/13/2016 Repair is technically infeasible without a process unit shutdown. Steve McDonald


6 Consent 61134B RELIEF Bonnet 03/10/2014 Repair is technically infeasible without a process unit shutdown. Denny Parker


9 Consent 002570 PUMP Seal 4/16/2020 Equipment is isolated from the process and does not remain in VOC service. Ivan Varela


14 Consent 000003A VALVE Packing 12/06/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14 Consent 000855 VALVE Bonnet 05/13/2015 Repair is technically infeasible without a process unit shutdown. Denny Parker


14 Consent 002192 PUMP Seal 03/10/2017 (For Pumps) - Repair requires the use of a dual mechanical system that includes a barrier fluid. Alan Simmons


14 Consent 002518B VALVE Packing 09/05/2019 Repair is technically infeasible without a process unit shutdown. Kevin Thomas


14a Consent 001156 VALVE Packing 08/01/2019 Repair is technically infeasible without a process unit shutdown. Cody Dykes


8Total Delay of Repair Items:


Equipment Currently on Delay of Repair







Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added 15
January Pump Consent NTM Added 2
January Valve Consent NTM Added to OOS 11


April Valve Consent NTM Added to OOS 2
April Pump Consent NTM Added to OOS 12
April Pump Consent NTM Returned to Service 12


Month Class Regulation Code Type of Change Number Changed
January Pump Consent NTM Added to OOS 1
February Pump Consent NTM Added to OOS 2
February Pump Consent NTM Returned to Service 3


June Valve Consent NTM Added 5


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
March Valve Consent NTM Deleted 2


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added to OOS 83
February Pump Consent NTM Added to OOS 1


April Compressor Consent NTM Returned to Service 1
April Pump Consent NTM Returned to Service 1
April Valve Consent NTM Returned to Service 87


Month Class Regulation Code Type of Change Number Changed
February Pump Consent NTM Added to OOS 1


March Pump Consent NTM Returned to Service 1
April Pump Consent NTM Added to OOS 1
May Valve Consent NTM Added 10
May Valve Consent NTM Deleted 9
June Compressor Consent NTM Added to OOS 1
June Valve Consent NTM Added to OOS 21


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
January Compressor Consent NTM Returned to Service 2
January Pump Consent NTM Returned to Service 4
January Valve Consent NTM Returned to Service 935
January Valve Consent     DTM Returned to Service 26
March Pump Consent NTM Added to OOS 1
March Pump Consent NTM Returned to Service 1


Component Changes 1/1/20- 6/30/20


Unit 4a


Unit 5


Unit 6


Unit 7


Unit 9


Unit 10


Unit 12


No Changes Made


No Changes Made


Unit 8







Month Class Regulation Code Type of Change Number Changed
February Valve Consent NTM Added to OOS 2


June Pump Consent NTM Added to OOS 1
June Pump Consent NTM Returned to Service 1


Month Class Regulation Code Type of Change Number Changed
March Pump Consent NTM Added to OOS 1
March Pump Consent NTM Returned to Service 1


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
June Valve Consent NTM Added 22
June Connector Consent NTM Added 53


Month Class Regulation Code Type of Change Number Changed


Month Class Regulation Code Type of Change Number Changed
January Valve Consent NTM Added 1


April Pump Consent NTM Added to OOS 2
May Pump Consent NTM Returned to Service 1


Month Class Regulation Code Type of Change Number Changed


108
11
143


1,076


Unit 18


Unit 25


Unit 26


Closed Vent System


Total Added
Total Removed


Total Out of Service


Boilers


No Changes Made


FGRS


Total Returned to Service


Summary


No Changes Made


Tank Farm


Truck Rack


Unit 14


Unit 15


Unit 14a


No Changes Made


No Changes Made


No Changes Made


No Changes Made


No Changes Made


No Changes Made


Unit 17







No. 25 H2 Ref 1/1/2020 - 1/5/2020
No. 8 HDS 1/3/2020 - 1/6/2020


No. 25 H2 Ref 1/6/2020 - 1/7/2020
No. 9 Plat 2/7/2020 - 2/13/2020
No. 9 HTU 2/7/2020 - 2/13/2020


No. 25 H2 Ref 2/13/2020 - 2/21/2020
No. 5 Alky 5/18/2020 - 5/20/2020
No. 6 Isom 6/16/2020 - 6/19/2020


Consent Semi-Annual Process Unit Shutdown Dates


In general, repair of equipment on the delay of repair (DOR) log was not
conducted during short-term, unplanned, process unit shutdowns when the
process unit was returned to service without being degassed or depressurized as
contemplated by 40 CFR § 60.482-9 (c)(1) and consistent with the definition of
"process unit shutdown".







Unit Next Month Monitoring Event
4a July 2020
7 July 2020
8 July 2020
10 July 2020
14a July 2020
26 July 2020


Trk Rack July 2020
5 August 2020
14 August 2020


FGRS August 2020
25 August 2020


Tank Farm August 2020
6 September 2020
9 September 2020
12 September 2020
15 September 2020
17 September 2020
18 September 2020


Boilers September 2020


EDR LDAR Training
Pursuant to EDR Consent Decree Paragraph 23(B)(i)(ii)(iii), all required training for LDAR personnel is
conducted by the following measures: 


LDAR contractor personnel are trained initially and annually thereafter through a PowerPoint instructor led
training. Training documentation is maintained at the refinery.


EDR Maintenance and Operations personnel are trained initially and annually thereafter through computer-
based training (CBT). Training documentation is maintained at the refinery.


All LDAR training required during calendar year 2020 is in progress and will be completed by year end. Training
documentation is maintained at the refinery.


Consent Decree Next Month Monitoring
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2019 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 300,000 0.3 30,000 0.3 30,000 0.3 149 120.00 0.018 0.072
2- Vac Truck 194,000 1.7 133,000 1.1 24,000 2.3 817 149.15 0.122 0.487
3 - WWTP Feed 500 2,100 510 2,050 650 2,002 1,019,365 0.55 0.563 2.251
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.703 2.810


Second Quarter 2019 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 94,000 0.30 30,000 0.30 149 51.33 0.008 0.051
2- Vac Truck 14,500 4.22 12,600 1.90 69,000 1.23 1,189 25.34 0.030 0.304
3 - WWTP Feed 1,100 1,850 120 2,100 510 1,699 936,019 0.56 0.523 2.171
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.560 2.526


Third Quarter 2019 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.040
2- Vac Truck 92,600 2.06 33,900 2.52 66,100 1.21 933 47.58 0.044 0.261
3 - WWTP Feed 680 1,450 730 1,200 3,200 1,199 637,766 1.48 0.944 2.699
Notes:  Quarterly Total: 0.993 3.001
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2020 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657


Second Quarter 2020 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 26,000 0.3 29,000 0.3 53,000 0.3 149 36.00 0.005 0.020
2- Vac Truck 27,400 1.0 45,800 0.4 11,000 1.2 432 28.91 0.012 0.068
3 - WWTP Feed 500 2,002 540 2,034 890 1,200 867,587 0.60 0.525 3.826
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.543 3.914


Third Quarter 2020 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.019
2- Vac Truck 11,700 0.5 74,300 0.9 12,750 0.6 327 44.48 0.015 0.064
3 - WWTP Feed 730 1,374 780 1,997 1,060 2,000 889,956 0.87 0.776 3.576
Notes:  Quarterly Total: 0.795 3.659
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.
*September WWTP Feed data is the average of two different samples during the reporting period.
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Summary of NOx Control Technology for Reporting Year 2019 


 
 Paragraph 16.E.(i) List of Controlled Heaters and Boilers on which NOx Control 


Technology was installed in 2019: 
o In 2009, Lion Oil completed the installation of NOx Control Technology on all 


Controlled Heaters and Boilers. 
 


 Paragraph 16.E.(ii) Type of NOx Control Technology Installed in 2019: 
o None.  See response to 16.E.(i), above. 


 
 Paragraph 16.E.(iii) Results for Performance Tests Conducted on Controlled Heaters 


and Boilers Tested in 2019: 
o None.  See response to 16.E.(i), above. 


 
 Paragraph 16.E.(iv) Controlled Heaters and Boilers Scheduled To Have NOx Control 


Technology Installed in 2019: 
o None.  See response to 16.E.(i), above. 


 
 Paragraph 16.E.(v) Limits Established for Controlled Heaters and Boilers Equipped 


with NOx Control Technology in 2019: 
o None.  See response to 16.E.(i), above. 
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2018 Benzene EOL Projection


First Quarter 2018 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 25,000 0.3 550,000 0.3 149 201.67 0.030 0.120
2- Vac Truck 15,000 3.1 12,000 1.3 97,000 1.0 877 29.71 0.026 0.104
3 - WWTP Feed 1,300 2,099 750 2,099 1,600 2,098 1,043,225 1.22 1.269 5.077
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.325 5.301


Second Quarter 2018 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 83,000 0.30 842,000 0.30 300,000 0.30 149 408.33 0.061 0.182
2- Vac Truck 75,000 1.60 160,000 1.70 300,000 0.87 621 155.95 0.097 0.246
3 - WWTP Feed 2,100 1,900 598 1,666 1,400 1,307 807,439 1.40 1.129 4.797
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 1.287 5.225


Third Quarter 2018 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 300,000 0.30 149 120.00 0.018 0.145
2- Vac Truck 28,000 0.83 32,000 0.91 56,000 1.42 1,291 44.71 0.058 0.240
3 - WWTP Feed 710 1,399 500 1,600 410 2,100 844,886 0.52 0.440 3.775
Notes:  Quarterly Total: 0.515 4.160
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.


Fourth Quarter 2018 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.113
2- Vac Truck 50,000 2.98 99,600 1.96 49,860 1.03 2,968 66.26 0.197 0.377
3 - WWTP Feed 540 2,098 440 1,333 300 2,101 916,633 0.42 0.389 3.228
Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.590 3.718


TOTAL ANNUAL BENZENE (TAB): 3.718
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Director, Air Enforcement Division, Office of Civil Enforcement, EPA, Washington, DC 


Legal Division, Arkansas Department of Environmental Quality, North Little Rock, AR  


 


 Environmental Library File:  (AI-03-01) 


 











Delek US - El Dorado Refinery
El Dorado, Arkansas


2019 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 300,000 0.3 30,000 0.3 30,000 0.3 149 120.00 0.018 0.072
2- Vac Truck 194,000 1.7 133,000 1.1 24,000 2.3 817 149.15 0.122 0.487
3 - WWTP Feed 500 2,100 510 2,050 650 2,002 1,019,365 0.55 0.563 2.251
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.703 2.810


Second Quarter 2019 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 94,000 0.30 30,000 0.30 149 51.33 0.008 0.051
2- Vac Truck 14,500 4.22 12,600 1.90 69,000 1.23 1,189 25.34 0.030 0.304
3 - WWTP Feed 1,100 1,850 120 2,100 510 1,699 936,019 0.56 0.523 2.171
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.560 2.526


Third Quarter 2019 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.040
2- Vac Truck 92,600 2.06 33,900 2.52 66,100 1.21 933 47.58 0.044 0.261
3 - WWTP Feed 680 1,450 730 1,200 3,200 1,199 637,766 1.48 0.944 2.699
Notes:  Quarterly Total: 0.993 3.001
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.


Fourth Quarter 2019 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 25,000 0.30 149 28.33 0.004 0.034
2- Vac Truck 148,700 1.60 20,000 0.87 15,700 1.29 624 73.29 0.046 0.242
3 - WWTP Feed 780 2,001 590 1,502 680 1,818 881,671 0.69 0.610 2.640
Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.660 2.916


TOTAL ANNUAL BENZENE (TAB): 2.916
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Director, Air Enforcement Division, Office of Civil Enforcement, EPA, Washington, DC 
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Summary of Nitrogen Oxides (NOx) Control Technology 


2020 Progress Report 
 
 


 Paragraph 16.E.(i) List of Controlled Heaters and Boilers on which NOx Control 
Technology was installed in 2020: 


o In 2009, Lion Oil completed the installation of NOx Control Technology on all 
Controlled Heaters and Boilers. 
 


 Paragraph 16.E.(ii) Type of NOx Control Technology Installed in 2020: 
o None.  See response to 16.E.(i) above. 


 
 Paragraph 16.E.(iii) Results for Performance Tests Conducted on Controlled Heaters 


and Boilers Tested in 2020: 
o None.  See response to 16.E.(i) above. 


 
 Paragraph 16.E.(iv) Controlled Heaters and Boilers Scheduled To Have NOx Control 


Technology Installed in 2020: 
o None.  See response to 16.E.(i) above. 


 
 Paragraph 16.E.(v) Limits Established for Controlled Heaters and Boilers Equipped 


with NOx Control Technology in 2020: 
o None.  See response to 16E.(i) above. 
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Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2020 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553
Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657


Second Quarter 2020 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 26,000 0.3 29,000 0.3 53,000 0.3 149 36.00 0.005 0.020
2- Vac Truck 27,400 1.0 45,800 0.4 11,000 1.2 432 28.91 0.012 0.068
3 - WWTP Feed 500 2,002 540 2,034 890 1,200 867,587 0.60 0.525 3.826
Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.543 3.914


Third Quarter 2020 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.019
2- Vac Truck 11,700 0.5 74,300 0.9 12,750 0.6 327 44.48 0.015 0.064
3 - WWTP Feed 730 1,374 780 1,997 1,060 2,000 889,956 0.87 0.776 3.576
Notes:  Quarterly Total: 0.795 3.659
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.
*September WWTP Feed data is the average of two different samples during the reporting period.


Fourth Quarter 2020 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)
1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.019
2- Vac Truck 33,200 0.52 148,800 0.34 231,000 0.60 237 141.64 0.034 0.082
3 - WWTP Feed 560 1,253 150 1,353 700 1,596 696,256 0.48 0.335 3.024
Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.373 3.124


TOTAL ANNUAL BENZENE (TAB): 3.124
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 11 
Nitrogen Oxides (NOx) 
Emissions Reductions from 
the Fluid Catalytic Cracking 
Unit (FCCU) 


 
All requirements of this paragraph have 
been completed. 


 
Not Applicable 


(NA) 


Paragraph 12 
Sulfur Dioxide (SO2) 


Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 13 
Particulate Matter (PM) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 14 
Carbon Monoxide (CO) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 15 
New Source Performance 
Standards (NSPS) 
Applicability of FCCU 
Regenerators 
 


 
Lion Oil dba Delek US El Dorado 
Refinery (EDR) triggered NSPS Subpart 
Ja for the FCCU and complies with 
NSPS Subpart Ja in lieu of NSPS 
Subpart J. 


 
NA 


Paragraph 16 
NOx Emissions Reductions 
from Heaters and Boilers, 
and NOx and CO Emission 
Reductions from Air 
Compressor (SN-841) 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, maintain records, 
and report in accordance with Paragraph 
16. 
 
16.E. - Recordkeeping and Reporting 
The EDR submitted the NOx Control 
Technology progress report on 1/18/19 
via the web portal noting all requirements 
of Paragraph 16 have been completed. 


 
NA 


Paragraph 17 
SO2 Emissions Reductions 
from and NSPS Applicability 
of Heaters and Boilers 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 17. 


 
NA 


                                                           
1 Items listed in the “Anticipated Problems in Meeting Requirements of Section V” column on this Semi-Annual 
Report are a listing of problems anticipated in meeting the compliance schedule for requirements due at a 
future date. The “anticipated problems” are described in Attachment 1, identified by “Requirement” and 
Consent Decree paragraph number. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 18 
NSPS Applicability of and 
Compliance for Sulfur 
Recovery Plant 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS.  The 
EDR has completed the requirements of 
this paragraph and continues to monitor, 
keep records, and report in accordance 
with Paragraph 18, including annual 
reviews and updates to its Preventive 
Maintenance and Operations (PMO) 
Plan. 
 
Paragraph 18.D. - Good Operation and 
Maintenance. 
There were no changes to the PMO Plan 
during the reporting period.  


 
NA 


Paragraph 19 
NSPS Applicability of and 
Compliance for Flaring 
Devices 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 19. 
The EDR triggered NSPS Subpart Ja for 
the flares and complies with the 
monitoring requirements of NSPS, 
Subpart Ja through an approved 
Alternative Monitoring Plan (AMP). 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 20 
Control of Acid Gas Flaring 
Incidents and Tail Gas 
Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 20, 
including the ongoing investigation and 
corrective action requirements. 
 
Paragraph 20.A - Investigation and 
Reporting. 
 
One Tail Gas Treatment Unit (TGTU) 
incident occurred during the reporting 
period on 6/26/19.  The Root Cause 
Report (RCR) for this incident will be 
submitted on or before 8/9/19.  The EDR 
expects all corrective actions in the RCR 
for this incident to be completed prior to 
its submission on or before 8/9/19.  The 
status of those corrective actions for the 
8/9/19 incident will be communicated in 
the EDR Consent Decree Semi-Annual 
Progress Report covering 7/1/19 to 
12/31/19 that will be due on 1/30/20.   


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 21 
Control of Hydrocarbon 
Flaring Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 21, 
including the ongoing investigation and 
corrective action requirements. 
 
Investigation and Reporting. 
 
Seven Hydrocarbon (HC) incidents 
occurred during the reporting period on 
4/23/19, 5/3/19, 5/8/19, 5/13/19, 5/21-
22/19, 6/2/19, and 6/23/19.  RCRs for the 
4/23/19, 5/3/19, 5/8/19, 5/13/19, 5/21-
22/19, and 6/2/19 incidents were 
submitted within 45 days for these 
incidents.  The RCR for the 6/23/19 
incident will be submitted on or before 
8/9/19.  The EDR completed the 
implementation of all corrective actions 
identified in the RCRs for the 4/23/19, 
5/3/19, 5/8/19, 5/13/19, 5/21-22/19, and 
6/2/19 incidents prior to their submittal.  
The EDR expects all corrective actions in 
the RCR for the 6/23/19 incident to be 
completed prior to its submission on or 
before 8/9/19.  The status of those 
corrective actions for the 6/23/19 incident 
will be communicated in the EDR 
Consent Decree Semi-Annual Progress 
Report covering 7/1/19 to 12/31/19 that 
will be due on 1/30/20.      
 
In addition, the RCR for the 12/23/18 
incident identified in the previous EDR 
Consent Decree Semi-Annual Progress 
Report covering 7/1/18 to 12/31/18 was 
submitted on 2/1/19.  The EDR 
completed the corrective action for the 
12/23/18 incident prior to the RCR 
submittal.   


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 
Benzene Waste NESHAP 
Program Enhancements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 22, 
including periodic reviews, training, and 
sampling. 
 
Paragraph 22.D - Implementation of 
Actions Necessary to Correct Non-
Compliance 
 
22.D.iv: On 9/5/13, the EDR certified its 
compliance with the 6BQ Compliance 
Option. 
 
Paragraph 22.E - Annual Program 
The EDR and a contractor 
[Environmental Resources Management 
(ERM)] reviewed the 2016 Total Annual 
Benzene (TAB) during 1Q2017 to ensure 
all streams included in the waste stream 
inventory.  
 
Paragraph 22.G.ii. - Training 
Employees asked to draw benzene 
samples received training during 
February 2019. 


 
No anticipated problems 
for Paragraph 22. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 (Continued) 
Benzene Waste NESHAP 
Program Enhancements 
 


 
Paragraph 22.I-End of Line Sampling 
(TAB is Equal To Or Greater 10 Mg/yr): 
 
22.I.i - The EDR submitted on 10/31/13 
for EPA approval a sampling plan for an 
end of line (EOL) determination of the 
benzene quantity in uncontrolled waste 
streams. The EDR is awaiting EPA’s 
response.  
 
Paragraph 22.J - End of Line Sampling 
(TAB is Equal To Or Greater Than 1 
Mg/yr But Less Than 10 Mg/yr): 
 
22.J.iii - The EDR conducted an EOL 
determination of benzene quantity on a 
quarterly basis. The EDR continues to 
sample in accordance with the plan 
submitted under Paragraph 22.J.  The 
EDR submitted a plan for approval under 
Paragraph 22.I.i. 
 
22.J.v - The EDR calculated a projected 
year Total Annual Benzene (TAB) on a 
quarterly basis.  The EDR second 
quarter 2019 projected EOL including the 
TAB is included with this Semi-Annual 
Progress Report.   
 
22.J.vi - The EDR completed 
implementation of its Compliance 
Strategy and Schedule to come into 
compliance with the 6BQ Compliance 
Option by 7/6/13.    
 
Paragraph 22.K - Miscellaneous 
Measures 
 
22.K.ii.a - Following completion of 6BQ 
Compliance Plan, the EDR conducted 
monthly inspections of all water traps in 
individual drain systems (IDS). 
 
22.K.ii.b - N/A.  The EDR uses carbon 
canisters in lieu of conservation vents or 
indicators on process sewers. 


 
No anticipated problems 
for Paragraph 22. 
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Paragraph 23 (Continued) 
Leak Detection and Repair 
(“LDAR”) Program 
Enhancements 


 
Paragraph 23.C - LDAR Audits 
 
Paragraph 23.C.i - The EDR retained 
Environmental Resources Management 
(ERM) to conduct a Third-Party Audit of 
the Refinery’s LDAR program on 7/24-
26/17.  The next Third-Party Audit of the 
EDR LDAR program is currently 
scheduled to be conducted by Tricord the 
week of 10/7/19.   
 
Paragraph 23.D - Implementation of 
Actions Necessary to Correct Non-
Compliance.   
Listing of actions necessary to correct 
non-compliance were submitted with 
audit summary report prior to 1/30/18. 
 
Paragraph 23.O – Recordkeeping and 
Reporting Requirements 
 
Paragraph 23.O.i - All requirements for 
this paragraph have been completed. 
 
Paragraph 23.O.ii.a.-  
All requirements for this paragraph have 
been completed. 
 
Paragraph 23.O.ii.b.  -  
The EDR retained ERM to conduct a 
Third-Party Audit of the Refinery’s LDAR 
program on 7/24-26/17.  Listing of 
actions necessary to correct non-
compliance were submitted with audit 
summary report prior to 1/30/18. 
 
The next Third-Party Audit of the EDR 
LDAR program is currently scheduled to 
be conducted by Tricord the week of 
10/7/19.  Listing of actions necessary to 
correct any non-compliance will be 
submitted with audit summary report 
within the required time period. 
 
 
Paragraph 23.O.ii.c.  -  
The EDR will submit semi-annual NSPS 
and MACT reports to the government 
agencies on or before 7/30/19 containing 
the information required by Paragraph 
23.O.ii.c. 


 
No anticipated problems 
for Paragraph 23. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements2 
Paragraph 24 
Incorporation of Consent 
Decree Requirements into 
Federally-Enforceable 
Permits 


 
All requirements of this paragraph have 
been completed.  


 
NA 


 
 
 
 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 26 
Title V Compliance 
Certification 


 
All requirements of this paragraph have 
been completed. 


 
NA 


 
Paragraph 30 
Compliance with NSPS 
Subpart QQQ at the El 
Dorado Refinery 
 
 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 30. 
 


 
No anticipated problems 
for Paragraph 30 


Paragraph 31 
Installation of BACT Controls 
– Vacuum Distillation Tower 
(VDU) 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 31. 


Paragraph 32 
Federal Supplemental 
Environmental Projects 
(SEPs) 


 
All requirements for this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 32. 
 


Paragraph 34 
Information required in the 
Quarterly report for SEP’s 
completed in the previous 
year. 
 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 34. 


                                                           
. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(1/1/19 - 6/30/19) 


Anticipated Problems 
in Meeting Section V 


Requirements3 


Paragraph 36 
Reporting and 
Recordkeeping 
 
 
 
 
 
 
 


 
Beginning 1/1/05 the EDR is required to 
submit Semi-Annual Progress Reports 
rather than Quarterly Progress Reports. 
This is the 28th Semi-Annual Report. 
 
New Paragraph 36.A Summary of 
annual emissions data for the 
Refinery. 
A summary of the EDR annual emissions 
data for 2018 is attached.     


 
No problems anticipated 
for Paragraph 36. 


 
 
 
 
 
 
 
 
 
 
  


                                                           
3 











Delek US - El Dorado Refinery
El Dorado, Arkansas


2019 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 300,000 0.3 30,000 0.3 30,000 0.3 149 120.00 0.018 0.072
2- Vac Truck 194,000 1.7 133,000 1.1 24,000 2.3 817 149.15 0.122 0.487
3 - WWTP Feed 500 2,100 510 2,050 650 2,002 1,019,365 0.55 0.563 2.251


Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.703 2.810


Second Quarter 2019 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 94,000 0.30 30,000 0.30 149 51.33 0.008 0.051


2- Vac Truck 14,500 4.22 12,600 1.90 69,000 1.23 1,189 25.34 0.030 0.304
3 - WWTP Feed 1,100 1,850 120 2,100 510 1,699 936,019 0.56 0.523 2.171


Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.560 2.526
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 11 
Nitrogen Oxides (NOx) 
Emissions Reductions from 
the Fluid Catalytic Cracking 
Unit (FCCU) 


 
All requirements of this paragraph have 
been completed. 


 
Not Applicable 


(NA) 


Paragraph 12 
Sulfur Dioxide (SO2) 


Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 13 
Particulate Matter (PM) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 14 
Carbon Monoxide (CO) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 15 
New Source Performance 
Standards (NSPS) 
Applicability of FCCU 
Regenerators 
 


 
Lion Oil dba Delek US El Dorado 
Refinery (EDR) triggered NSPS Subpart 
Ja for the FCCU and complies with 
NSPS Subpart Ja in lieu of NSPS 
Subpart J. 


 
NA 


Paragraph 16 
NOx Emissions Reductions 
from Heaters and Boilers, 
and NOx and CO Emission 
Reductions from Air 
Compressor (SN-841) 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, maintain records, 
and report in accordance with Paragraph 
16. 
 
16.E. - Recordkeeping and Reporting 
The EDR submitted the NOx Control 
Technology progress report on 1/6/20 via 
the web portal noting all requirements of 
Paragraph 16 have been completed. 


 
NA 


Paragraph 17 
SO2 Emissions Reductions 
from and NSPS Applicability 
of Heaters and Boilers 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 17. 


 
NA 


                                                           
1 Items listed in the “Anticipated Problems in Meeting Requirements of Section V” column on this Semi-Annual 
Report are a listing of problems anticipated in meeting the compliance schedule for requirements due at a 
future date. The “anticipated problems” are described in Attachment 1, identified by “Requirement” and 
Consent Decree paragraph number. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 18 
NSPS Applicability of and 
Compliance for Sulfur 
Recovery Plant 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS.  The 
EDR has completed the requirements of 
this paragraph and continues to monitor, 
keep records, and report in accordance 
with Paragraph 18, including annual 
reviews and updates to its Preventive 
Maintenance and Operations (PMO) 
Plan. 
 
Paragraph 18.D. - Good Operation and 
Maintenance. 
There were no changes to the PMO Plan 
during the reporting period.  


 
NA 


Paragraph 19 
NSPS Applicability of and 
Compliance for Flaring 
Devices 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 19. 
The EDR triggered NSPS Subpart Ja for 
the flares and complies with the 
monitoring requirements of NSPS, 
Subpart Ja through an approved 
Alternative Monitoring Plan (AMP). 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 20 
Control of Acid Gas Flaring 
Incidents and Tail Gas 
Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 20, 
including the ongoing investigation and 
corrective action requirements. 
 
Paragraph 20.A - Investigation and 
Reporting. 
 
Two Tail Gas Treatment Unit (TGTU) 
incidents occurred during the reporting 
period on 6/5/20 and 6/20/20.  The Root 
Cause Report (RCR) for the 6/5/20 event 
was submitted within 45 days of the 
incident.  The RCR for the 6/20/20 
incident will be submitted on or before 
8/4/20.  The EDR completed the 
implementation of two of the three 
corrective actions identified in the RCR 
for the 6/5/20 incident prior to its 
submittal.  The status of the remaining 
corrective action for the 6/5/20 incident 
will be communicated in the EDR 
Consent Decree Semi-Annual Progress 
Report covering 7/1/20 to 12/31/20 that 
will be due on 1/30/21.  If the corrective 
actions for the 6/20/20 incident are not 
completed prior to the RCR submittal on 
or before 8/4/20, then the remaining 
corrective actions will be communicated 
in the EDR Consent Decree Semi-
Annual Progress Report covering 7/1/20 
to 12/31/20 that will be due on 1/30/21.  
 
 
 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 21 
Control of Hydrocarbon 
Flaring Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 21, 
including the ongoing investigation and 
corrective action requirements. 
 
Investigation and Reporting. 
 
No Hydrocarbon (HC) incidents occurred 
during the reporting period. 
 


 
NA 


 
 
 
 
 
 
 
 
 


Paragraph 22 
Benzene Waste NESHAP 
Program Enhancements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 22, 
including periodic reviews, training, and 
sampling. 
 
Paragraph 22.D - Implementation of 
Actions Necessary to Correct Non-
Compliance 
 
22.D.iv: On 9/5/13, the EDR certified its 
compliance with the 6BQ Compliance 
Option. 
 
Paragraph 22.E - Annual Program 
The EDR and a contractor 
[Environmental Resources Management 
(ERM)] reviewed the 2016 Total Annual 
Benzene (TAB) during 1Q2017 to ensure 
all streams are included in the waste 
stream inventory.  
 
Paragraph 22.G.ii. - Training 
Employees asked to draw benzene 
samples received training during July 
2020. 


 
No anticipated problems 
for Paragraph 22. 
 







  


   
Lion Oil Company dba Delek US El Dorado Refinery 


Consent Decree Semi-Annual Progress Report 1H2020 
(January 1, 2020 through June 30, 2020) 


 


 
  
 


5 


Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 (Continued) 
Benzene Waste NESHAP 
Program Enhancements 
 


 
Paragraph 22.I-End of Line Sampling 
(TAB is Equal To Or Greater 10 Mg/yr): 
 
22.I.i - The EDR submitted on 10/31/13 
for EPA approval a sampling plan for an 
end of line (EOL) determination of the 
benzene quantity in uncontrolled waste 
streams. The EDR is awaiting EPA’s 
response.  
 
Paragraph 22.J - End of Line Sampling 
(TAB is Equal To Or Greater Than 1 
Mg/yr But Less Than 10 Mg/yr): 
 
22.J.iii - The EDR conducted an EOL 
determination of benzene quantity on a 
quarterly basis. The EDR continues to 
sample in accordance with the plan 
submitted under Paragraph 22.J.  The 
EDR submitted a plan for approval under 
Paragraph 22.I.i. 
 
22.J.v - The EDR calculated a projected 
year Total Annual Benzene (TAB) on a 
quarterly basis.  The EDR second 
quarter 2020 projected EOL including the 
TAB is included with this Semi-Annual 
Progress Report.   
 
22.J.vi - The EDR completed 
implementation of its Compliance 
Strategy and Schedule to come into 
compliance with the 6BQ Compliance 
Option by 7/6/13.    
 
Paragraph 22.K - Miscellaneous 
Measures 
 
22.K.ii.a - Following completion of 6BQ 
Compliance Plan, the EDR conducted 
monthly inspections of all water traps in 
individual drain systems (IDS). 
 
22.K.ii.b - N/A.  The EDR uses carbon 
canisters in lieu of conservation vents or 
indicators on process sewers. 


 
No anticipated problems 
for Paragraph 22. 
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Paragraph 23 (Continued) 
Leak Detection and Repair 
(“LDAR”) Program 
Enhancements 


 
Paragraph 23.C - LDAR Audits 
 
Paragraph 23.C.i - The EDR retained 
Tricord to conduct a Third-Party Audit of 
the Refinery’s LDAR program on 10/7-
10/19.  The next Third-Party Audit of the 
EDR LDAR program is anticipated to 
occur during the third or fourth quarter of 
2021.    
 
Paragraph 23.D - Implementation of 
Actions Necessary to Correct Non-
Compliance.   
Listing of actions necessary to correct 
non-compliance were submitted with 
audit summary report prior to 1/30/20. 
 
Paragraph 23.O - Recordkeeping and 
Reporting Requirements 
 
Paragraph 23.O.i - All requirements for 
this paragraph have been completed. 
 
Paragraph 23.O.ii.a.-  
All requirements for this paragraph have 
been completed. 
 
Paragraph 23.O.ii.b.  -  
The EDR retained Tricord to conduct a 
Third-Party Audit of the Refinery’s LDAR 
program on 10/7-10/19.  Listing of 
actions necessary to correct non-
compliance were submitted with audit 
summary report prior to 1/30/20.   
 
Paragraph 23.O.ii.c.  -  
The EDR will submit semi-annual NSPS 
and MACT reports to the government 
agencies on or before 7/30/20 containing 
the information required by Paragraph 
23.O.ii.c. 


 
No anticipated problems 
for Paragraph 23. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 
Paragraph 24 
Incorporation of Consent 
Decree Requirements into 
Federally-Enforceable 
Permits 


 
All requirements of this paragraph have 
been completed.  


 
NA 


 
 
 
 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 26 
Title V Compliance 
Certification 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


 


Paragraph 30 
Compliance with NSPS 
Subpart QQQ at the El 
Dorado Refinery 
 
 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 30. 
 


 
No anticipated problems 
for Paragraph 30 


Paragraph 31 
Installation of BACT Controls 
– Vacuum Distillation Tower 
(VDU) 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 31. 


Paragraph 32 
Federal Supplemental 
Environmental Projects 
(SEPs) 


 
All requirements for this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 32. 
 


Paragraph 34 
Information required in the 
Quarterly report for SEP’s 
completed in the previous 
year. 
 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 34. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(1/1/20 - 6/30/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 36 
Reporting and 
Recordkeeping 
 
 
 
 
 
 
 


 
Beginning 1/1/05 the EDR is required to 
submit Semi-Annual Progress Reports 
rather than Quarterly Progress Reports. 
This is the 30th Semi-Annual Report. 
 
New Paragraph 36.A Summary of 
annual emissions data for the 
Refinery. 
A summary of the EDR annual emissions 
data for 2018 is attached.     


 
No problems anticipated 
for Paragraph 36. 


 
 
 
 
 
 
 
 
 
 
  











Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2020 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553


Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657


Second Quarter 2020 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 26,000 0.3 29,000 0.3 53,000 0.3 149 36.00 0.005 0.020


2- Vac Truck 27,400 1.0 45,800 0.4 11,000 1.2 432 28.91 0.012 0.068
3 - WWTP Feed 500 2,002 540 2,034 890 1,200 867,587 0.60 0.525 3.826


Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.543 3.914







TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)
Miscellaneous Waste Streams Slop Oil Movements (Non-turnaround X X X - - - 0 0 1 4,760 110 6,749,328.01 740.91 740.91 0.741 0.000


Tank Clean Out  X X X - - - 0 0 110 190 #DIV/0! 0.00 0.00 0.00 0.000 0.000
Spills  X X X - - - 0 0 0 5 0 4,288.34 0.00 0.00 0.000 0.000
Vac. Truck Waste  X X X 0 214687 1 2,925,974 4 1 1 226 960,866.31 217.31 221.45 0.221 0.221
Asphalt Area Residue X X X 0.02 0.84 0.04 199,011,082 8 3 30 10 499,639.11 5.00 13.16 0.013 0.013
Sand Hill Loading Rack Retains X X X - - 0.00 0 0 1 6,000 4,200 7,773.87 32.65 32.65 0.033 0.000
Offsite Waste (Spent Catalyst)  X X X - - - 0 0 0 730 730 320,123.57 0.10 0.10 0.000 0.000
Sour Water Stripper Outlet  X X X 0 0.10 0.04 266,674,849 10 0 10 3.6 229,608.34 0.83 10.53 0.011 0.011
Slop Oil Movements (Turnaround-related  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
T-432 - Spent Caustic  X X X - - - 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Offsite Waste (Misc.)  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Turnaround  X X X 0 0 0 0 0 0 0 0 0.00 0.00 250.00 0.250 0.250
API Trap/Sump  X X X 0 0.0 0.0 0 0 0.0 0 0 0.00 0.00 0.00 0.000 0.000
Remediation Wastes  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Crude Unit Desalter X  X X 27.0 36.0 31.3 318,417,731 9,959 0 1,140 1,140 2,741,592.16 3,125.42 13,083.93 13.084 0.000
Desalter Flash effluent X X X 0.1 1.2 0.6 343,095,105 218 0 1,140 1,140 1,477,032.78 1,683.82 1,901.48 0.218
Maintenance  X X X 0 0 0 0 0   0 0.00 0.00 10.00 0.010 0.010
LSR Stab Overhead Accumulator  X X X 145 328 215 12,438 3 14,530 32,809 21,513 81.60 1.76 4.43 0.004 0.004
Desalter Rag Layer Check  X X X 0 11 11 8,292 0 0 1,140 1,140 2,379.85 2.71 2.81 0.003 0.003
East Surge Drum  X X X 0 11 11 33,169 0 0 1,140 1,140 285.58 0.33 0.70 0.001 0.001
West Surge Drum  X X X 0 11 11 8,292 0 0 1,140 1,140 71.40 0.08 0.18 0.000 0.000
Kerosene Stripper Pump  X X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Atmospheric Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Vac. Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Preflash Reboiler Fuel K/O  X X X 0.4 0.4 0.4 2,177 0 39 41 40 18.50 0.00 0.00 0.000 0.000
Diesel Control Valve  X X X 0 0 0 0 0 0 0.8 0.8 594.81 0.00 0.00 0.000 0.000
Vac. Pot  X X X 0 0 0 58,045 0 0 0.8 0.8 499.64 0.00 0.00 0.000 0.000
Desalter Flash Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Neutral Oil Storage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
AGO Steam Generator  X X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
VGO Control Valve  X X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
DAGO  X X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Atmosheric Overhead Accumulator  X X X 0 0 0 15,920,887 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Preflash Overhead Accumulator  X X X 0 0 0 9,950,554 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Alkylation Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#5 Scrubber Tower  X X X 0.02 0.03 0.02 7,960,443 0 2.0 3.0 1.7 55,833.59 0.09 0.23 0.000 0.000
Spent Caustic Bleed  X X X 0.02 0.06 0.04 373,146 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Isobutane Recycle Coalesce  X X X 0.02 0.03 0.02 4,146 0 2.0 3.0 1.7 2,908.00 0.00 0.00 0.000 0.000
Isobutane Effluent Exchange  X X X 0.02 0.03 0.02 1,555 0 2.0 3.0 1.7 363.50 0.00 0.00 0.000 0.000
DIB Feed Coalescer  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
DIB Overhead Rec  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
Recycle Coalescer  X X X   0 0 0 0 0 0 185.06 0.00 0.00 0.000 0.000
Depro Caustic Wash Drum  X X X 0.02 0.06 0.04 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash Drum  X X X 0.02 0.03 0.02 8,292 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Sour Water Chg Pump  X X X 0 0.02 0.01 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
1st Feed Coalescer  X X X 0 0 0 4,146 0 0 0 0 4,441.53 0.00 0.00 0.000 0.000
2nd Feed Coalescer  X X X 0 0 0 8,292 0 0 0 0 88.83 0.00 0.00 0.000 0.000
Purchase Isobutane Coalesce  X X X 0 0 0 4,146 0 0 0 0 2,908.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.02 0.00 0.00 0.000 0.000
Reboiler Steam Condensate Cooler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on Condensate Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on steam Blowdown Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
DIB & DEC3 Reboiler Condensate  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Depro Overhead Rec  X X X 0 0 0 1,037 0 0 0 0 175.86 0.00 0.00 0.000 0.000
Depropanizer Feed Coalescer  X X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Refrigerent Surge Drum  X X X 0 0 0 777 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Surge Drum  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Dryer Acid  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overhead Receiver on C4 Splitte  X X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Isomerization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Penex Charge  X X X 0 0 0 0 0 18,853 43,354 27,902 339.46 9.47 9.47 0.009 0.009
#6 Isomate  X X X 0 0 0 0 0 31 1,737 923 225.28 0.21 0.21 0.000 0.000
Stripper Overhead Water Boot  X X X 145 328 215 173 0 14,530 32,809 21,513 0.00 0.00 0.04 0.000 0.000
Caustic Scrubber  X X X 0 0 0 414,606 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Fuel KO Pot  X X X 0 0 0 5,247 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#6 HP Flare Drain  X X X 0 0 0 790 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Hydrotreating  Separator  X X X 0 0 0 197 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Caustic Bd Pump  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Caustic KO Pot  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Charge Heater  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Stab Reboiler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Water Wash Drum CV  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Scrubber  X X X 0 0 0 1,382 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Stripper Overhead Water Boot  X X X 145 328 215 0 0 14,530 32,809 21,513 0.00 0.00 0.00 0.000 0.000
#6 Water Wash Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#6 Feed Coalescer  X X X 37 84 n/a n/a n/a 3,730 8,400 n/a 0.00 0.00 0.00 0.000 0.000


Total Annual Benzene Report - 2019
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2019


HP Flare K/O Drum  X X X 0 0 0 182 0 39 41 40 0.00 0.00 0.00 0.000 0.000
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2019


Catalytic Cracking Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Overhead Accumulator  X X X 30 70 50 173 0 3,000 7,000 5,000 0.00 0.00 0.01 0.000 0.000
Fuel Gas KO Pot  X X X 0 0 0 12,438 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#10 Feed Coalescer  X X X 0 0 150 0 0 0 0 15,000 0.00 0.00 0.00 0.000 0.000
XVG Low Stage Suction Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Waste Heat Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Steam Generator Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
7 Charge  X X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
#7 Overhead Rec'b  X X X 30 70 50 36,817,050 1,841 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000
KVG Low Stage Suction Drum  X X X 30 70 50 0 0 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000


Unit 8 Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Feed Coalescer  X X X 0 0 0 14 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Inlet Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Treated Disel Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Fliter Change Out  X X X 0 0 0 7 0 0 1 1 594.81 0.00 0.00 0.000 0.000
Stripper Overhead Receiver  X X X 0 18 18 14 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000


Platformer Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#9 Stripper Overhead  X X X 0 18 18 86 0 0 1,800 1,800 74.54 0.13 0.14 0.000 0.000
NHT Prod Sep  X X X 0 18 18 37 0 0 1,800 1,800 10.65 0.02 0.02 0.000 0.000
#9 Fuel KO Drum  X X X 0 0 0 3,110 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Sour Water Drum  X X X 0 0 0 69,101 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Steam Diengage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#9 Stab Overhead Wtr Boot  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
# 9 KO Drum Level Contro  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
NHT Prod Sep  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000


Desulfurization Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Fuel Gas Ko Dr  X X X 0 0 0 27,640 0 39 41 40 0.00 0.00 0.01 0.000 0.000
#10 Product CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Product Sample Purge  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Charge CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
Comp Jacket Water  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Net Gas Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 223,405.76 3,351.09 0.00 0.000 0.000
#10 Hi Pres Sep  X X X 100 200 150 13,820 2 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Lo Pres Sep  X X X 1.8 2.0 1.9 2,764 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000


Desulfurization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Stuffing Box for N/S Compressors  X X X 100 200 150 296 0 10,000 20,000 15,000 0.00 0.00 0.04 0.000 0.000
# 12 Fuel Gas K/O Pot  X X X 0.39 0.41 0.40 13,820 0 39 41 40 0.00 0.00 0.01 0.000 0.000
# 12 Charge  X X X 0 0 0 0 0 0 0 0 632.17 0.00 0.00 0.000 0.000
# 12 Product  X X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
Booster Suction Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
2nd Stage Suction Drums  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
# 12 Flare Drum  X X X 0 0 0 580,449 0 0 0 0 0.00 0.00 0.00 0.000 0.000
12 Stripper Overhead Receiver  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
# 12 Net Gas Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
HP Separator  X X X 0 0 0 19,901,108 0 0 0 0 0.00 0.00 0.00 0.000 0.000
LP Separator  X X X 0 0 0 290,224 0 0 0 0 0.00 0.00 0.00 0.000 0.000


NaHS Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Water Wash Separator  X X X 0 0 0 5,970,332 2 39 41 40 0.00 0.00 2.39 0.002 0.002
LP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LP Flare Drum  X X X 0.39 0.41 0.40 8,860 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare Drum  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Light Oil Treater Flare Drum K/O  X X X 0.39 0.41 0.40 1,817 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Reactor  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LSR Treater Water Wash  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Caustic Treater Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2019


Laboratory Samples Platformate  X X 0 0 0 0 0 30,340 67,500 49,647 1,124.35 55.82 55.82 0.056 0.056
HTU Charge  X X 0 0 0 0 0 21,423 41,527 28,217 675.03 19.05 19.05 0.019 0.019
Penex Charge  X X 0 0 0 0 0 18,853 43,354 27,902 678.92 18.94 18.94 0.019 0.019
10 Product  X X 0 0 0 0 0 10,000 20,000 15,000 664.90 9.97 9.97 0.010 0.010
4 Unstabilized Lsr  X X 0 0 0 0 0 14,530 32,809 21,513 453.34 9.75 9.75 0.010 0.010
14 Debut Bottoms  X X 0 0 0 0 0 3,000 7,000 7,370 1,038.38 7.65 7.65 0.008 0.008
1 Stream  X X 0 0 0 0 0 11,200 15,000 12,367 504.42 6.24 6.24 0.006 0.006
Preflash Naphtha  X X 0 0 0 0 0 7,900 11,700 10,267 500.98 5.14 5.14 0.005 0.005
LSR  X X 0 0 0 0 0 14,530 32,809 21,513 226.67 4.88 4.88 0.005 0.005
10 Charge  X X 0 0 0 0 0 10,000 20,000 15,000 166.22 2.49 2.49 0.002 0.002
Platformer Feed  X X 0 0 0 0 0 5,330 11,700 9,443 256.37 2.42 2.42 0.002 0.002
Unifiner Feed  X X 0 0 0 0 0 11,200 15,000 8,733 252.21 2.20 2.20 0.002 0.002
Isomate  X X 0 0 0 0 0 31 1,737 923 1,351.68 1.25 1.25 0.001 0.001
7 Naphtha  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Frac. Reflux  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Crude In  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Crude Out  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Kerosene  X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Light Cycle Oi  X X 0 0 0 0 0 175 200 188 664.90 0.12 0.12 0.000 0.000
Heavy Cycle Oi  X X 0 0 0 0 0 175 200 188 332.45 0.06 0.06 0.000 0.000
Alkylate  X X 0 0 0 0 0 2.0 3.0 1.7 969.33 0.00 0.00 0.000 0.000
Diesel  X X 0 0 0 0 0 0 1 0.8 594.81 0.00 0.00 0.000 0.000
5 Caustic  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
5 Effluent Caustic Wash  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
12 Charge  X X 0 0 0 0 0 0 0 0 316.08 0.00 0.00 0.000 0.000
12 Product  X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
4 Flux  X X 0 0 0 0 0 0 0 0 2,097.91 0.00 0.00 0.000 0.000
7 Charge  X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
DAGO  X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Fractionator Bottoms  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
Clarified Oil  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
VGO  X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
AGO  X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
14 Merox Caustic  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
14 Lean DEA  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Drier Acid  X X 0 0 0 346 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Reactor Acid  X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
11 Asphalt  X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Page 4 of 5  0400084\A8105







TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2019


Tank Farm Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Chrg. Stock - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Slop Oil - Out of Service  X X X 0 48 1 0 0 1.3 4,760 110 0.00 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Gas Oil - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0.0 0.0 0.0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Fresh Caustic  X X X 0.0 0.0 0.0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#7 Light Cycle Oil (LCO)  X X X 1.8 2.0 1.9 276,404 1 175 200 188 2,659.59 0.50 1.02 0.001 0.001
Platformate  X X X 303.40 675.00 496.47 829,213 412 30,339.9 67,500.0 49,646.7 6,746.08 334.92 746.60 0.747 0.747
Platformate  X X X 303 675 496 552,809 274 30,340 67,500 49,647 4,497.39 223.28 497.73 0.498 0.498
Platformate  X X X 303 675.0 496.5 27,640 14 30,340 67,500 49,647 224.87 11.16 24.89 0.025 0.025
Gasoline 93 Octane  X X X 0 160 60 165,843 10 10 16,000 6,000 1,243.82 7.46 17.41 0.017 0.017
Light Slop Oil X  X X 0 11 11 11,608,980 132 0 1,140 1,140 99,953.88 113.95 246.29 0.246 0.000
Isomate  X X X 0.3 17 9.2 0 0 31 1,737 923 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
No. 4 Vacuum Gas Oil  X X X 0 0 0 27,640 0 0 0 0 248.12 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 4 St. Run Gasoline  X X X 145 328 215 829,213 178 14,530 32,809 21,513 5,440.03 117.03 295.42 0.295 0.295
#4 Diesel/Kerosene  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Slop Diesel From #8 Unit  X X X 0 0 0 55,281 0 0 0 0 496.25 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel Oil  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Gasoline Blend  X X X 0 160 60 2,764,043 166 10 16,000 6,000.0 20,730.32 124.38 290.22 0.290 0.290
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Iso-butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Crude X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Cargill Oil (Vegetable Oil Based Product  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Naphtha - Out of Service  X X X 0 18 18 0 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 1.75 2 1.9 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
Diesel Oil Blend - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
VTB Blend  X X X 0 0 0 3,455 0 0 0.8 0.8 29.74 0.00 0.00 0.000 0.000
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
Iso-Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Mixed Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 987 0 0 0 0 5.02 0.00 0.00 0.000 0.000
NO. 14 GC DEP BTM  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
#4 Vacuum Gas Oil  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Ethanol  X X X 0 0 0 2,321,796 0 0 0 0 17,444.73 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145 328 215 10,365 2 14,530 32,809 21,513 68.00 1.46 3.69 0.004 0.004


1,277,705,548 Total Annual Benzene (Mg/yr) 18.93
§61.342(e) Uncontrolled Benzene Quantity (Mg/yr) 5.04


1 The desalter flash effluent is included to provide a characterization of desalter effluent after exiting the flash drum. Desalter effluent benzene loading is a TAB entry; desalter flash effluent is not. The water phase of the desalter flash effluent ultimately becomes uncontrolled, after oil removal in controlled 
   thus, the water phase of desalter flash effluent is put toward the 6BQ quantification.
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)
Miscellaneous Waste Streams Slop Oil Movements (Non-turnaround X X X - - - 0 0 1 4,760 110 6,749,328.01 740.91 740.91 0.741 0.000


Tank Clean Out  X X X - - - 0 0 110 190 #DIV/0! 0.00 0.00 0.00 0.000 0.000
Spills  X X X - - - 0 0 0 5 0 4,288.34 0.00 0.00 0.000 0.000
Vac. Truck Waste  X X X 0 214687 1 2,925,974 4 1 1 226 960,866.31 217.31 221.45 0.221 0.221
Asphalt Area Residue X X X 0.02 0.84 0.04 199,011,082 8 3 30 10 499,639.11 5.00 13.16 0.013 0.013
Sand Hill Loading Rack Retains X X X - - 0.00 0 0 1 6,000 4,200 7,773.87 32.65 32.65 0.033 0.000
Offsite Waste (Spent Catalyst)  X X X - - - 0 0 0 730 730 320,123.57 0.10 0.10 0.000 0.000
Sour Water Stripper Outlet  X X X 0 0.10 0.04 266,674,849 10 0 10 3.6 229,608.34 0.83 10.53 0.011 0.011
Slop Oil Movements (Turnaround-related  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
T-432 - Spent Caustic  X X X - - - 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Offsite Waste (Misc.)  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Turnaround  X X X 0 0 0 0 0 0 0 0 0.00 0.00 250.00 0.250 0.250
API Trap/Sump  X X X 0 0.0 0.0 0 0 0.0 0 0 0.00 0.00 0.00 0.000 0.000
Remediation Wastes  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Crude Unit Desalter X  X X 27.0 36.0 31.3 318,417,731 9,959 0 1,140 1,140 2,741,592.16 3,125.42 13,083.93 13.084 0.000
Desalter Flash effluent X X X 0.1 1.2 0.6 343,095,105 218 0 1,140 1,140 1,477,032.78 1,683.82 1,901.48 0.218
Maintenance  X X X 0 0 0 0 0   0 0.00 0.00 10.00 0.010 0.010
LSR Stab Overhead Accumulator  X X X 145 328 215 12,438 3 14,530 32,809 21,513 81.60 1.76 4.43 0.004 0.004
Desalter Rag Layer Check  X X X 0 11 11 8,292 0 0 1,140 1,140 2,379.85 2.71 2.81 0.003 0.003
East Surge Drum  X X X 0 11 11 33,169 0 0 1,140 1,140 285.58 0.33 0.70 0.001 0.001
West Surge Drum  X X X 0 11 11 8,292 0 0 1,140 1,140 71.40 0.08 0.18 0.000 0.000
Kerosene Stripper Pump  X X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Atmospheric Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Vac. Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Preflash Reboiler Fuel K/O  X X X 0.4 0.4 0.4 2,177 0 39 41 40 18.50 0.00 0.00 0.000 0.000
Diesel Control Valve  X X X 0 0 0 0 0 0 0.8 0.8 594.81 0.00 0.00 0.000 0.000
Vac. Pot  X X X 0 0 0 58,045 0 0 0.8 0.8 499.64 0.00 0.00 0.000 0.000
Desalter Flash Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Neutral Oil Storage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
AGO Steam Generator  X X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
VGO Control Valve  X X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
DAGO  X X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Atmosheric Overhead Accumulator  X X X 0 0 0 15,920,887 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Preflash Overhead Accumulator  X X X 0 0 0 9,950,554 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Alkylation Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#5 Scrubber Tower  X X X 0.02 0.03 0.02 7,960,443 0 2.0 3.0 1.7 55,833.59 0.09 0.23 0.000 0.000
Spent Caustic Bleed  X X X 0.02 0.06 0.04 373,146 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Isobutane Recycle Coalesce  X X X 0.02 0.03 0.02 4,146 0 2.0 3.0 1.7 2,908.00 0.00 0.00 0.000 0.000
Isobutane Effluent Exchange  X X X 0.02 0.03 0.02 1,555 0 2.0 3.0 1.7 363.50 0.00 0.00 0.000 0.000
DIB Feed Coalescer  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
DIB Overhead Rec  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
Recycle Coalescer  X X X   0 0 0 0 0 0 185.06 0.00 0.00 0.000 0.000
Depro Caustic Wash Drum  X X X 0.02 0.06 0.04 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash Drum  X X X 0.02 0.03 0.02 8,292 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Sour Water Chg Pump  X X X 0 0.02 0.01 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
1st Feed Coalescer  X X X 0 0 0 4,146 0 0 0 0 4,441.53 0.00 0.00 0.000 0.000
2nd Feed Coalescer  X X X 0 0 0 8,292 0 0 0 0 88.83 0.00 0.00 0.000 0.000
Purchase Isobutane Coalesce  X X X 0 0 0 4,146 0 0 0 0 2,908.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.02 0.00 0.00 0.000 0.000
Reboiler Steam Condensate Cooler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on Condensate Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on steam Blowdown Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
DIB & DEC3 Reboiler Condensate  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Depro Overhead Rec  X X X 0 0 0 1,037 0 0 0 0 175.86 0.00 0.00 0.000 0.000
Depropanizer Feed Coalescer  X X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Refrigerent Surge Drum  X X X 0 0 0 777 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Surge Drum  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Dryer Acid  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overhead Receiver on C4 Splitte  X X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Isomerization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Penex Charge  X X X 0 0 0 0 0 18,853 43,354 27,902 339.46 9.47 9.47 0.009 0.009
#6 Isomate  X X X 0 0 0 0 0 31 1,737 923 225.28 0.21 0.21 0.000 0.000
Stripper Overhead Water Boot  X X X 145 328 215 173 0 14,530 32,809 21,513 0.00 0.00 0.04 0.000 0.000
Caustic Scrubber  X X X 0 0 0 414,606 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Fuel KO Pot  X X X 0 0 0 5,247 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#6 HP Flare Drain  X X X 0 0 0 790 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Hydrotreating  Separator  X X X 0 0 0 197 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Caustic Bd Pump  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Caustic KO Pot  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Charge Heater  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Stab Reboiler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Water Wash Drum CV  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Scrubber  X X X 0 0 0 1,382 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Stripper Overhead Water Boot  X X X 145 328 215 0 0 14,530 32,809 21,513 0.00 0.00 0.00 0.000 0.000
#6 Water Wash Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#6 Feed Coalescer  X X X 37 84 n/a n/a n/a 3,730 8,400 n/a 0.00 0.00 0.00 0.000 0.000
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HP Flare K/O Drum  X X X 0 0 0 182 0 39 41 40 0.00 0.00 0.00 0.000 0.000
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Catalytic Cracking Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Overhead Accumulator  X X X 30 70 50 173 0 3,000 7,000 5,000 0.00 0.00 0.01 0.000 0.000
Fuel Gas KO Pot  X X X 0 0 0 12,438 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#10 Feed Coalescer  X X X 0 0 150 0 0 0 0 15,000 0.00 0.00 0.00 0.000 0.000
XVG Low Stage Suction Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Waste Heat Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Steam Generator Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
7 Charge  X X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
#7 Overhead Rec'b  X X X 30 70 50 36,817,050 1,841 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000
KVG Low Stage Suction Drum  X X X 30 70 50 0 0 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000


Unit 8 Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Feed Coalescer  X X X 0 0 0 14 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Inlet Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Treated Disel Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Fliter Change Out  X X X 0 0 0 7 0 0 1 1 594.81 0.00 0.00 0.000 0.000
Stripper Overhead Receiver  X X X 0 18 18 14 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000


Platformer Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#9 Stripper Overhead  X X X 0 18 18 86 0 0 1,800 1,800 74.54 0.13 0.14 0.000 0.000
NHT Prod Sep  X X X 0 18 18 37 0 0 1,800 1,800 10.65 0.02 0.02 0.000 0.000
#9 Fuel KO Drum  X X X 0 0 0 3,110 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Sour Water Drum  X X X 0 0 0 69,101 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Steam Diengage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#9 Stab Overhead Wtr Boot  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
# 9 KO Drum Level Contro  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
NHT Prod Sep  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000


Desulfurization Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Fuel Gas Ko Dr  X X X 0 0 0 27,640 0 39 41 40 0.00 0.00 0.01 0.000 0.000
#10 Product CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Product Sample Purge  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Charge CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
Comp Jacket Water  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Net Gas Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 223,405.76 3,351.09 0.00 0.000 0.000
#10 Hi Pres Sep  X X X 100 200 150 13,820 2 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Lo Pres Sep  X X X 1.8 2.0 1.9 2,764 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000


Desulfurization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Stuffing Box for N/S Compressors  X X X 100 200 150 296 0 10,000 20,000 15,000 0.00 0.00 0.04 0.000 0.000
# 12 Fuel Gas K/O Pot  X X X 0.39 0.41 0.40 13,820 0 39 41 40 0.00 0.00 0.01 0.000 0.000
# 12 Charge  X X X 0 0 0 0 0 0 0 0 632.17 0.00 0.00 0.000 0.000
# 12 Product  X X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
Booster Suction Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
2nd Stage Suction Drums  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
# 12 Flare Drum  X X X 0 0 0 580,449 0 0 0 0 0.00 0.00 0.00 0.000 0.000
12 Stripper Overhead Receiver  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
# 12 Net Gas Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
HP Separator  X X X 0 0 0 19,901,108 0 0 0 0 0.00 0.00 0.00 0.000 0.000
LP Separator  X X X 0 0 0 290,224 0 0 0 0 0.00 0.00 0.00 0.000 0.000


NaHS Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Water Wash Separator  X X X 0 0 0 5,970,332 2 39 41 40 0.00 0.00 2.39 0.002 0.002
LP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LP Flare Drum  X X X 0.39 0.41 0.40 8,860 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare Drum  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Light Oil Treater Flare Drum K/O  X X X 0.39 0.41 0.40 1,817 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Reactor  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LSR Treater Water Wash  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Caustic Treater Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
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Laboratory Samples Platformate  X X 0 0 0 0 0 30,340 67,500 49,647 1,124.35 55.82 55.82 0.056 0.056
HTU Charge  X X 0 0 0 0 0 21,423 41,527 28,217 675.03 19.05 19.05 0.019 0.019
Penex Charge  X X 0 0 0 0 0 18,853 43,354 27,902 678.92 18.94 18.94 0.019 0.019
10 Product  X X 0 0 0 0 0 10,000 20,000 15,000 664.90 9.97 9.97 0.010 0.010
4 Unstabilized Lsr  X X 0 0 0 0 0 14,530 32,809 21,513 453.34 9.75 9.75 0.010 0.010
14 Debut Bottoms  X X 0 0 0 0 0 3,000 7,000 7,370 1,038.38 7.65 7.65 0.008 0.008
1 Stream  X X 0 0 0 0 0 11,200 15,000 12,367 504.42 6.24 6.24 0.006 0.006
Preflash Naphtha  X X 0 0 0 0 0 7,900 11,700 10,267 500.98 5.14 5.14 0.005 0.005
LSR  X X 0 0 0 0 0 14,530 32,809 21,513 226.67 4.88 4.88 0.005 0.005
10 Charge  X X 0 0 0 0 0 10,000 20,000 15,000 166.22 2.49 2.49 0.002 0.002
Platformer Feed  X X 0 0 0 0 0 5,330 11,700 9,443 256.37 2.42 2.42 0.002 0.002
Unifiner Feed  X X 0 0 0 0 0 11,200 15,000 8,733 252.21 2.20 2.20 0.002 0.002
Isomate  X X 0 0 0 0 0 31 1,737 923 1,351.68 1.25 1.25 0.001 0.001
7 Naphtha  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Frac. Reflux  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Crude In  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Crude Out  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Kerosene  X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Light Cycle Oi  X X 0 0 0 0 0 175 200 188 664.90 0.12 0.12 0.000 0.000
Heavy Cycle Oi  X X 0 0 0 0 0 175 200 188 332.45 0.06 0.06 0.000 0.000
Alkylate  X X 0 0 0 0 0 2.0 3.0 1.7 969.33 0.00 0.00 0.000 0.000
Diesel  X X 0 0 0 0 0 0 1 0.8 594.81 0.00 0.00 0.000 0.000
5 Caustic  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
5 Effluent Caustic Wash  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
12 Charge  X X 0 0 0 0 0 0 0 0 316.08 0.00 0.00 0.000 0.000
12 Product  X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
4 Flux  X X 0 0 0 0 0 0 0 0 2,097.91 0.00 0.00 0.000 0.000
7 Charge  X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
DAGO  X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Fractionator Bottoms  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
Clarified Oil  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
VGO  X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
AGO  X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
14 Merox Caustic  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
14 Lean DEA  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Drier Acid  X X 0 0 0 346 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Reactor Acid  X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
11 Asphalt  X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
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Tank Farm Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Chrg. Stock - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Slop Oil - Out of Service  X X X 0 48 1 0 0 1.3 4,760 110 0.00 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Gas Oil - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0.0 0.0 0.0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Fresh Caustic  X X X 0.0 0.0 0.0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#7 Light Cycle Oil (LCO)  X X X 1.8 2.0 1.9 276,404 1 175 200 188 2,659.59 0.50 1.02 0.001 0.001
Platformate  X X X 303.40 675.00 496.47 829,213 412 30,339.9 67,500.0 49,646.7 6,746.08 334.92 746.60 0.747 0.747
Platformate  X X X 303 675 496 552,809 274 30,340 67,500 49,647 4,497.39 223.28 497.73 0.498 0.498
Platformate  X X X 303 675.0 496.5 27,640 14 30,340 67,500 49,647 224.87 11.16 24.89 0.025 0.025
Gasoline 93 Octane  X X X 0 160 60 165,843 10 10 16,000 6,000 1,243.82 7.46 17.41 0.017 0.017
Light Slop Oil X  X X 0 11 11 11,608,980 132 0 1,140 1,140 99,953.88 113.95 246.29 0.246 0.000
Isomate  X X X 0.3 17 9.2 0 0 31 1,737 923 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
No. 4 Vacuum Gas Oil  X X X 0 0 0 27,640 0 0 0 0 248.12 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 4 St. Run Gasoline  X X X 145 328 215 829,213 178 14,530 32,809 21,513 5,440.03 117.03 295.42 0.295 0.295
#4 Diesel/Kerosene  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Slop Diesel From #8 Unit  X X X 0 0 0 55,281 0 0 0 0 496.25 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel Oil  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Gasoline Blend  X X X 0 160 60 2,764,043 166 10 16,000 6,000.0 20,730.32 124.38 290.22 0.290 0.290
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Iso-butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Crude X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Cargill Oil (Vegetable Oil Based Product  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Naphtha - Out of Service  X X X 0 18 18 0 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 1.75 2 1.9 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
Diesel Oil Blend - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
VTB Blend  X X X 0 0 0 3,455 0 0 0.8 0.8 29.74 0.00 0.00 0.000 0.000
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
Iso-Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Mixed Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 987 0 0 0 0 5.02 0.00 0.00 0.000 0.000
NO. 14 GC DEP BTM  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
#4 Vacuum Gas Oil  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Ethanol  X X X 0 0 0 2,321,796 0 0 0 0 17,444.73 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145 328 215 10,365 2 14,530 32,809 21,513 68.00 1.46 3.69 0.004 0.004


1,277,705,548 Total Annual Benzene (Mg/yr) 18.93
§61.342(e) Uncontrolled Benzene Quantity (Mg/yr) 5.04


1 The desalter flash effluent is included to provide a characterization of desalter effluent after exiting the flash drum. Desalter effluent benzene loading is a TAB entry; desalter flash effluent is not. The water phase of the desalter flash effluent ultimately becomes uncontrolled, after oil removal in controlled 
   thus, the water phase of desalter flash effluent is put toward the 6BQ quantification.
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 11 
Nitrogen Oxides (NOx) 
Emissions Reductions from 
the Fluid Catalytic Cracking 
Unit (FCCU) 


 
All requirements of this paragraph have 
been completed. 


 
Not Applicable 


(NA) 


Paragraph 12 
Sulfur Dioxide (SO2) 


Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 13 
Particulate Matter (PM) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 14 
Carbon Monoxide (CO) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 15 
New Source Performance 
Standards (NSPS) 
Applicability of FCCU 
Regenerators 
 


 
Lion Oil dba Delek US El Dorado 
Refinery (EDR) triggered NSPS Subpart 
Ja for the FCCU and complies with 
NSPS Subpart Ja in lieu of NSPS 
Subpart J. 


 
NA 


Paragraph 16 
NOx Emissions Reductions 
from Heaters and Boilers, 
and NOx and CO Emission 
Reductions from Air 
Compressor (SN-841) 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, maintain records, 
and report in accordance with Paragraph 
16. 
 
16.E. - Recordkeeping and Reporting 
The EDR submitted the NOx Control 
Technology progress report on 1/18/19 
via the web portal noting all requirements 
of Paragraph 16 have been completed. 


 
NA 


Paragraph 17 
SO2 Emissions Reductions 
from and NSPS Applicability 
of Heaters and Boilers 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 17. 


 
NA 


                                                           
1 Items listed in the “Anticipated Problems in Meeting Requirements of Section V” column on this Semi-Annual 
Report are a listing of problems anticipated in meeting the compliance schedule for requirements due at a 
future date. The “anticipated problems” are described in Attachment 1, identified by “Requirement” and 
Consent Decree paragraph number. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 18 
NSPS Applicability of and 
Compliance for Sulfur 
Recovery Plant 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS.  The 
EDR has completed the requirements of 
this paragraph and continues to monitor, 
keep records, and report in accordance 
with Paragraph 18, including annual 
reviews and updates to its Preventive 
Maintenance and Operations (PMO) 
Plan. 
 
Paragraph 18.D. - Good Operation and 
Maintenance. 
There were no changes to the PMO Plan 
during the reporting period.  


 
NA 


Paragraph 19 
NSPS Applicability of and 
Compliance for Flaring 
Devices 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 19. 
The EDR triggered NSPS Subpart Ja for 
the flares and complies with the 
monitoring requirements of NSPS, 
Subpart Ja through an approved 
Alternative Monitoring Plan (AMP). 


 
NA 


Paragraph 20 
Control of Acid Gas Flaring 
Incidents and Tail Gas 
Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 20, 
including the ongoing investigation and 
corrective action requirements. 
 
Paragraph 20.A - Investigation and 
Reporting. 
No Tail Gas Treatment Unit (TGTU) 
incidents occurred during the reporting 
period.  


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 21 
Control of Hydrocarbon 
Flaring Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 21, 
including the ongoing investigation and 
corrective action requirements. 
 
Investigation and Reporting. 
 
Four Hydrocarbon (HC) incidents 
occurred during the reporting period on 
10/5/18, 10/25-28/18, 10/30/18, and 
12/23/18.  Root Cause Reports (RCRs) 
for the 10/5/18, 10/25-28/18, and 
10/30/18 incidents were submitted within 
45 days for these incidents.  The RCR for 
the 12/23/18 incident will be submitted on 
or before 2/6/19.  The EDR has 
completed the implementation of all 
corrective actions identified in the RCRs 
for the 10/5/18, 10/25-28/18, and 
10/30/18 incidents prior to their 
submission.  The EDR expects all 
corrective actions in the RCR for the 
12/23/18 incident to be completed prior 
to its submission on or before 2/6/19.  
The status of those corrective actions for 
the 12/23/18 incident will be 
communicated in the EDR Consent 
Decree Semi-Annual Progress Report 
covering 1/1/19 to 6/30/19 that will be 
due on 7/30/19.   


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 
Benzene Waste NESHAP 
Program Enhancements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 22, 
including periodic reviews, training, and 
sampling. 
 
Paragraph 22.D - Implementation of 
Actions Necessary to Correct Non-
Compliance 
 
22.D.iv: On 9/5/13, the EDR certified its 
compliance with the 6BQ Compliance 
Option. 
 
Paragraph 22.E - Annual Program 
The EDR and a contractor 
[Environmental Resources Management 
(ERM)] reviewed the 2016 Total Annual 
Benzene (TAB) during 1Q2017 to ensure 
all streams included in the waste stream 
inventory.  
 
Paragraph 22.G.ii. - Training 
Employees asked to draw benzene 
samples received training during 
February 2018. 


 
No anticipated problems 
for Paragraph 22. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 (Continued) 
Benzene Waste NESHAP 
Program Enhancements 
 


 
Paragraph 22.I-End of Line Sampling 
(TAB is Equal To Or Greater 10 Mg/yr): 
 
22.I.i - The EDR submitted on 10/31/13 
for EPA approval a sampling plan for an 
end of line (EOL) determination of the 
benzene quantity in uncontrolled waste 
streams. The EDR is awaiting EPA’s 
response.  
 
Paragraph 22.J - End of Line Sampling 
(TAB is Equal To Or Greater Than 1 
Mg/yr But Less Than 10 Mg/yr): 
 
22.J.iii - The EDR conducted an EOL 
determination of benzene quantity on a 
quarterly basis. The EDR continues to 
sample in accordance with the plan 
submitted under Paragraph 22.J.  The 
EDR submitted a plan for approval under 
Paragraph 22.I.i. 
 
22.J.v - The EDR calculated a projected 
year Total Annual Benzene (TAB) on a 
quarterly basis.  The EDR fourth quarter 
2018 projected EOL including the TAB is 
included with this Semi-Annual Progress 
Report.   
 
22.J.vi - The EDR completed 
implementation of its Compliance 
Strategy and Schedule to come into 
compliance with the 6BQ Compliance 
Option by 7/6/13.    
 
Paragraph 22.K - Miscellaneous 
Measures 
 
22.K.ii.a - Following completion of 6BQ 
Compliance Plan, the EDR conducted 
monthly inspections of all water traps in 
individual drain systems (IDS). 
 
22.K.ii.b - N/A.  The EDR uses carbon 
canisters in lieu of conservation vents or 
indicators on process sewers. 


 
No anticipated problems 
for Paragraph 22. 
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Paragraph 23 (Continued) 
Leak Detection and Repair 
(“LDAR”) Program 
Enhancements 


 
Paragraph 23.C - LDAR Audits 
Paragraph 23.C.i - The EDR retained 
Environmental Resources Management 
(ERM) to conduct a Third-Party Audit of 
the Refinery’s LDAR program on 7/24-
26/17.  
 
Paragraph 23.D - Implementation of 
Actions Necessary to Correct Non-
Compliance.   
Listing of actions necessary to correct 
non-compliance were submitted with 
audit summary report prior to 1/30/18. 
 
Paragraph 23.O – Recordkeeping and 
Reporting Requirements 
 
Paragraph 23.O.i - All requirements for 
this paragraph have been completed. 
 
Paragraph 23.O.ii.a.-  
All requirements for this paragraph have 
been completed. 
 
Paragraph 23.O.ii.b.  -  
The EDR retained ERM to conduct a 
Third-Party Audit of the Refinery’s LDAR 
program on 7/24-26/17.  Listing of 
actions necessary to correct non-
compliance were submitted with audit 
summary report prior to 1/30/18. 
 
Paragraph 23.O.ii.c.  -  
The EDR will submit semi-annual NSPS 
and MACT reports to the government 
agencies on or before 1/30/19 containing 
the information required by Paragraph 
23.O.ii.c. 


 
No anticipated problems 
for Paragraph 23. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(7/1/18 - 12/31/18) 


Anticipated Problems 
in Meeting Section V 


Requirements2 
Paragraph 24 
Incorporation of Consent 
Decree Requirements into 
Federally-Enforceable 
Permits 


 
All requirements of this paragraph have 
been completed.  


 
NA 


 
 
 
 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 26 
Title V Compliance 
Certification 


 
All requirements of this paragraph have 
been completed. 


 
NA 


 
Paragraph 30 
Compliance with NSPS 
Subpart QQQ at the El 
Dorado Refinery 
 
 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 30. 
 


 
No anticipated problems 
for Paragraph 30 


Paragraph 31 
Installation of BACT Controls 
– Vacuum Distillation Tower 
(VDU) 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 31. 


Paragraph 32 
Federal Supplemental 
Environmental Projects 
(SEPs) 


 
All requirements for this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 32. 
 


Paragraph 34 
Information required in the 
Quarterly report for SEP’s 
completed in the previous 
year. 
 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 34. 


                                                           
. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(1/1/18 - 6/30/18) 


Anticipated Problems 
in Meeting Section V 


Requirements3 


Paragraph 36 
Reporting and 
Recordkeeping 
 
 
 
 
 
 
 


 
Beginning 1/1/05 the EDR is required to 
submit Semi-Annual Progress Reports 
rather than Quarterly Progress Reports. 
This is the twenty-seventh Semi-Annual 
Report. 
 
New Paragraph 36.A Summary of 
annual emissions data for the 
Refinery. 
A summary of the EDR annual emissions 
data for 2017 is attached.     


 
No problems anticipated 
for Paragraph 36. 


 
 
 
 
 
 
 
 
 
 
  


                                                           
3 











Delek US - El Dorado Refinery
El Dorado, Arkansas


2018 Benzene EOL Projection


First Quarter 2018 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.3 25,000 0.3 550,000 0.3 149 201.67 0.030 0.120
2- Vac Truck 15,000 3.1 12,000 1.3 97,000 1.0 877 29.71 0.026 0.104
3 - WWTP Feed 1,300 2,099 750 2,099 1,600 2,098 1,043,225 1.22 1.269 5.077


Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.325 5.301


Second Quarter 2018 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 83,000 0.30 842,000 0.30 300,000 0.30 149 408.33 0.061 0.182


2- Vac Truck 75,000 1.60 160,000 1.70 300,000 0.87 621 155.95 0.097 0.246
3 - WWTP Feed 2,100 1,900 598 1,666 1,400 1,307 807,439 1.40 1.129 4.797


Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 1.287 5.225


Third Quarter 2018 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 30,000 0.30 300,000 0.30 149 120.00 0.018 0.145


2- Vac Truck 28,000 0.83 32,000 0.91 56,000 1.42 1,291 44.71 0.058 0.240
3 - WWTP Feed 710 1,399 500 1,600 410 2,100 844,886 0.52 0.440 3.775


Notes:  Quarterly Total: 0.515 4.160
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.


Fourth Quarter 2018 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.113


2- Vac Truck 50,000 2.98 99,600 1.96 49,860 1.03 2,968 66.26 0.197 0.377


3 - WWTP Feed 540 2,098 440 1,333 300 2,101 916,633 0.42 0.389 3.228


Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.590 3.718


TOTAL ANNUAL BENZENE (TAB): 3.718
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 11 
Nitrogen Oxides (NOx) 
Emissions Reductions from 
the Fluid Catalytic Cracking 
Unit (FCCU) 


 
All requirements of this paragraph have 
been completed. 


 
Not Applicable 


(NA) 


Paragraph 12 
Sulfur Dioxide (SO2) 


Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 13 
Particulate Matter (PM) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 14 
Carbon Monoxide (CO) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 15 
New Source Performance 
Standards (NSPS) 
Applicability of FCCU 
Regenerators 
 


 
Lion Oil dba Delek US El Dorado 
Refinery (EDR) triggered NSPS Subpart 
Ja for the FCCU and complies with 
NSPS Subpart Ja in lieu of NSPS 
Subpart J. 


 
NA 


Paragraph 16 
NOx Emissions Reductions 
from Heaters and Boilers, 
and NOx and CO Emission 
Reductions from Air 
Compressor (SN-841) 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, maintain records, 
and report in accordance with Paragraph 
16. 
 
16.E. - Recordkeeping and Reporting 
The EDR submitted the NOx Control 
Technology progress report on 1/6/20 via 
the web portal noting all requirements of 
Paragraph 16 have been completed. 


 
NA 


Paragraph 17 
SO2 Emissions Reductions 
from and NSPS Applicability 
of Heaters and Boilers 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 17. 


 
NA 


                                                           
1 Items listed in the “Anticipated Problems in Meeting Requirements of Section V” column on this Semi-Annual 
Report are a listing of problems anticipated in meeting the compliance schedule for requirements due at a 
future date. The “anticipated problems” are described in Attachment 1, identified by “Requirement” and 
Consent Decree paragraph number. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 18 
NSPS Applicability of and 
Compliance for Sulfur 
Recovery Plant 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS.  The 
EDR has completed the requirements of 
this paragraph and continues to monitor, 
keep records, and report in accordance 
with Paragraph 18, including annual 
reviews and updates to its Preventive 
Maintenance and Operations (PMO) 
Plan. 
 
Paragraph 18.D. - Good Operation and 
Maintenance. 
There were no changes to the PMO Plan 
during the reporting period.  


 
NA 


Paragraph 19 
NSPS Applicability of and 
Compliance for Flaring 
Devices 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 19. 
The EDR triggered NSPS Subpart Ja for 
the flares and complies with the 
monitoring requirements of NSPS, 
Subpart Ja through an approved 
Alternative Monitoring Plan (AMP). 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 20 
Control of Acid Gas Flaring 
Incidents and Tail Gas 
Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 20, 
including the ongoing investigation and 
corrective action requirements. 
 
Paragraph 20.A - Investigation and 
Reporting. 
 
Three Tail Gas Treatment Unit (TGTU) 
incidents occurred during the reporting 
period on 8/25-31/19, 10/7-8/19, and 
10/17-19/19.  The Root Cause Reports 
(RCRs) were submitted within 45 days 
for these incidents.  The RCR for the 
6/23-26/19 incident during the previous 
reporting period was submitted on 
8/9/19.  The EDR completed the 
implementation of all corrective actions 
identified in the RCRs for the 8/25-31/19, 
10/7-8/19, and 10/17-19/19 incidents 
prior to their submittal.  The corrective 
actions in the RCR for the 6/23/19 
incident were completed prior to its 
submission on 8/9/19.  In addition, the 
10/17-19/19 tail gas incident is also 
considered a hydrocarbon flaring 
incident (please reference Paragraph 
21).      
 
 
 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 21 
Control of Hydrocarbon 
Flaring Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 21, 
including the ongoing investigation and 
corrective action requirements. 
 
Investigation and Reporting. 
 
Three Hydrocarbon (HC) incidents 
occurred during the reporting period on 
8/24/19, 10/17-19/19, and 12/3/19.  
RCRs for the 8/24/19, 10/17-19/19, and 
12/3/19 incidents were submitted within 
45 days for these incidents.  The RCR for 
the 6/23-26/19 incident during the 
previous reporting period was submitted 
on 8/9/19.  The EDR completed the 
implementation of all corrective actions 
identified in the RCRs for the 8/24/19, 
10/17-19/19, and 12/3/19 incidents prior 
to their submittal.  The corrective actions 
in the RCR for the 6/23/19 incident were 
completed prior to its submission on 
8/9/19.  In addition, the 10/17-19/19 
hydrocarbon flaring incident is also 
considered a tail gas incident (please 
reference Paragraph 20). 
 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 
Benzene Waste NESHAP 
Program Enhancements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 22, 
including periodic reviews, training, and 
sampling. 
 
Paragraph 22.D - Implementation of 
Actions Necessary to Correct Non-
Compliance 
 
22.D.iv: On 9/5/13, the EDR certified its 
compliance with the 6BQ Compliance 
Option. 
 
Paragraph 22.E - Annual Program 
The EDR and a contractor 
[Environmental Resources Management 
(ERM)] reviewed the 2016 Total Annual 
Benzene (TAB) during 1Q2017 to ensure 
all streams are included in the waste 
stream inventory.  
 
Paragraph 22.G.ii. - Training 
Employees asked to draw benzene 
samples received training during 
February 2019. 


 
No anticipated problems 
for Paragraph 22. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 (Continued) 
Benzene Waste NESHAP 
Program Enhancements 
 


 
Paragraph 22.I-End of Line Sampling 
(TAB is Equal To Or Greater 10 Mg/yr): 
 
22.I.i - The EDR submitted on 10/31/13 
for EPA approval a sampling plan for an 
end of line (EOL) determination of the 
benzene quantity in uncontrolled waste 
streams. The EDR is awaiting EPA’s 
response.  
 
Paragraph 22.J - End of Line Sampling 
(TAB is Equal To Or Greater Than 1 
Mg/yr But Less Than 10 Mg/yr): 
 
22.J.iii - The EDR conducted an EOL 
determination of benzene quantity on a 
quarterly basis. The EDR continues to 
sample in accordance with the plan 
submitted under Paragraph 22.J.  The 
EDR submitted a plan for approval under 
Paragraph 22.I.i. 
 
22.J.v - The EDR calculated a projected 
year Total Annual Benzene (TAB) on a 
quarterly basis.  The EDR fourth quarter 
2019 projected EOL including the TAB is 
included with this Semi-Annual Progress 
Report.   
 
22.J.vi - The EDR completed 
implementation of its Compliance 
Strategy and Schedule to come into 
compliance with the 6BQ Compliance 
Option by 7/6/13.    
 
Paragraph 22.K - Miscellaneous 
Measures 
 
22.K.ii.a - Following completion of 6BQ 
Compliance Plan, the EDR conducted 
monthly inspections of all water traps in 
individual drain systems (IDS). 
 
22.K.ii.b - N/A.  The EDR uses carbon 
canisters in lieu of conservation vents or 
indicators on process sewers. 


 
No anticipated problems 
for Paragraph 22. 
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Paragraph 23 (Continued) 
Leak Detection and Repair 
(“LDAR”) Program 
Enhancements 


 
Paragraph 23.C - LDAR Audits 
 
Paragraph 23.C.i - The EDR retained 
Tricord to conduct a Third-Party Audit of 
the Refinery’s LDAR program on 10/7-
10/19.  A copy of the audit report is 
included with this Semi-Annual Progress 
Report.   
 
Paragraph 23.D - Implementation of 
Actions Necessary to Correct Non-
Compliance.   
Listing of actions necessary to correct 
non-compliance were submitted with 
audit summary report prior to 1/30/20. 
 
Paragraph 23.O - Recordkeeping and 
Reporting Requirements 
 
Paragraph 23.O.i - All requirements for 
this paragraph have been completed. 
 
Paragraph 23.O.ii.a.-  
All requirements for this paragraph have 
been completed. 
 
Paragraph 23.O.ii.b.  -  
The EDR retained Tricord to conduct a 
Third-Party Audit of the Refinery’s LDAR 
program on 10/7-10/19.  Listing of 
actions necessary to correct non-
compliance were submitted with audit 
summary report prior to 1/30/20.  A copy 
of the audit report is included with this 
Semi-Annual Progress Report. 
 
 
Paragraph 23.O.ii.c.  -  
The EDR will submit semi-annual NSPS 
and MACT reports to the government 
agencies on or before 1/30/20 containing 
the information required by Paragraph 
23.O.ii.c. 


 
No anticipated problems 
for Paragraph 23. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements2 
Paragraph 24 
Incorporation of Consent 
Decree Requirements into 
Federally-Enforceable 
Permits 


 
All requirements of this paragraph have 
been completed.  


 
NA 


 
 
 
 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 26 
Title V Compliance 
Certification 


 
All requirements of this paragraph have 
been completed. 


 
NA 


 
Paragraph 30 
Compliance with NSPS 
Subpart QQQ at the El 
Dorado Refinery 
 
 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 30. 
 


 
No anticipated problems 
for Paragraph 30 


Paragraph 31 
Installation of BACT Controls 
– Vacuum Distillation Tower 
(VDU) 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 31. 


Paragraph 32 
Federal Supplemental 
Environmental Projects 
(SEPs) 


 
All requirements for this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 32. 
 


Paragraph 34 
Information required in the 
Quarterly report for SEP’s 
completed in the previous 
year. 
 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 34. 


                                                           
. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(7/1/19 - 12/31/19) 


Anticipated Problems 
in Meeting Section V 


Requirements3 


Paragraph 36 
Reporting and 
Recordkeeping 
 
 
 
 
 
 
 


 
Beginning 1/1/05 the EDR is required to 
submit Semi-Annual Progress Reports 
rather than Quarterly Progress Reports. 
This is the 29th Semi-Annual Report. 
 
New Paragraph 36.A Summary of 
annual emissions data for the 
Refinery. 
A summary of the EDR annual emissions 
data for 2018 is attached.     


 
No problems anticipated 
for Paragraph 36. 


 
 
 
 
 
 
 
 
 
 
  


                                                           
3 











Delek US - El Dorado Refinery
El Dorado, Arkansas


2019 Benzene EOL Projection


First Quarter 2019 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 300,000 0.3 30,000 0.3 30,000 0.3 149 120.00 0.018 0.072
2- Vac Truck 194,000 1.7 133,000 1.1 24,000 2.3 817 149.15 0.122 0.487
3 - WWTP Feed 500 2,100 510 2,050 650 2,002 1,019,365 0.55 0.563 2.251


Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 0.703 2.810


Second Quarter 2019 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 94,000 0.30 30,000 0.30 149 51.33 0.008 0.051


2- Vac Truck 14,500 4.22 12,600 1.90 69,000 1.23 1,189 25.34 0.030 0.304
3 - WWTP Feed 1,100 1,850 120 2,100 510 1,699 936,019 0.56 0.523 2.171


Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.560 2.526


Third Quarter 2019 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.040


2- Vac Truck 92,600 2.06 33,900 2.52 66,100 1.21 933 47.58 0.044 0.261
3 - WWTP Feed 680 1,450 730 1,200 3,200 1,199 637,766 1.48 0.944 2.699


Notes:  Quarterly Total: 0.993 3.001
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.


Fourth Quarter 2019 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 30,000 0.30 25,000 0.30 149 28.33 0.004 0.034


2- Vac Truck 148,700 1.60 20,000 0.87 15,700 1.29 624 73.29 0.046 0.242
3 - WWTP Feed 780 2,001 590 1,502 680 1,818 881,671 0.69 0.610 2.640


Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.660 2.916


TOTAL ANNUAL BENZENE (TAB): 2.916
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GLOSSARY OF ABBREVIATIONS 


CD Consent Decree 


CFR Code of Federal Regulations 


Covered Units Units subject to the facility’s Consent Decree requirements 


CVS Closed Vent System 


Delek Delek US 


DHT Distillate Hydrotreater 


DOR Delay of Repair 


DTM Difficult-to-Monitor 


EDR El Dorado refinery 


ELP Enhanced LDAR Program 


EPA U.S. Environmental Protection Agency 


GHT  Gasoline Hydrotreater 


LDAR Leak Detection and Repair 


LLC Limited Liability Corporation 


LP Limited Partnership 


Low-E Low Emission 


MOC Management of Change 


NDE No Detectable Emissions 


NTM Normal-to-Monitor 


OEL Open-Ended Line 


Part § 


P&ID Piping and Instrumentation Diagram 


ppmv Concentration measurement in parts per million by volume 


PRV Pressure Relief Valve 


QA/QC Quality Assurance/Quality Control 


SQL Structured Query Language 


TRICORD TRICORD Consulting LLC 


TVA  Thermo Environmental Toxic Vapor Analyzer 


UTM Unsafe-to-Monitor 
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1 INTRODUCTION & EXECUTIVE SUMMARY 


TRICORD Consulting, LLC (TRICORD) conducted a third-party leak detection and repair (LDAR) 


program audit at the Delek US (Delek) El Dorado Refinery (EDR) in El Dorado (Union County), 


Arkansas. The audit followed the requirements specified in the Lion Oil 2003 Consent Decree (CD) 


which included but was not limited to a database and recordkeeping review, comparative 


monitoring, a component applicability review, observation of the site’s LDAR technicians 


conducting leak detection monitoring and analyzer calibrations, and interviews with LDAR 


supervision and technicians regarding their knowledge and understanding of the applicable LDAR 


requirements and refinery overall monitoring program.  


 


The audit team consisted of: 


 


• Team Lead & Field Auditor – Mark Kelsey;  


• Field Auditor – Jim Walsh; and 


• Database Auditor – Ann Landry. 


 


This report has four (4) sections: 


 


• Section 1: Introduction & Executive Summary; 


• Section 2: Audit Scope & Methodology; 


• Section 3: Audit Results; and 


• Section 4: Program Strengths. 


 


A detailed discussion of the audit outcome is provided in Section 3. With the exception of the two 


compliance findings identified in Section 3, TRICORD has determined the Delek EDR LDAR 


program to be in compliance with applicable federal, state, and CD LDAR requirements. 


 


 


 


 







   


2019 CONSENT DECREE LEAK DETECTION AND REPAIR AUDIT – DELEK EL DORADO (AR) REFINERY 2-1 


2 AUDIT SCOPE & METHODOLOGY 


Delek’s LDAR program was audited for compliance with the following regulations:  


 


• 40 Code of Federal Regulations (CFR) Part (§) 60 Subpart GGG; 


• 40 CFR §63 Subpart CC; and  


• EDR 2003 CD [United States, et al. v. Lion Oil Company (Civ. No. 03-1028)].  


The EDR LDAR 2019 third-party audit was conducted in two phases. An off-site review of the 


LeakDAS LDAR database was completed prior to the start of the field audit. A field review at the 


refinery began on October 7, 2019 and was completed on October 10, 2019. 


2.1 Database Review 


The database review used independent queries developed in Microsoft Structured Query Language 


(SQL) and Microsoft Access to evaluate the database for compliance with applicable state and 


federal requirements. The following database elements were reviewed covering the period Third 


Quarter 2017 – Second Quarter 2019: 


• Regulatory Rule Applicability and Component Assignment; 


• Difficult-to-Monitor (DTM) and Unsafe-to-Monitor (UTM) Designations; 


• DTM Percentage Cap; 


• Stream Physical State and Description; 


• Monitoring Pace; 


• Instrument and Inspector Documentation; 


• Monitoring Time; 


• Initial Monitoring; 


• Initial Second Monitoring; 


• Monitoring Completeness and Timing for Valves and Pumps; 


• First Attempt at Repair; 


• Final Attempt at Repair; 


• Delay of Repair (DOR); 


• Follow-up Inspection Completeness; 


• Chronic Leakers; 


• Repair History; and 


• Drill and Tap Repair of Applicable Valves. 


2.2 Field Audit 


Field audit activities included: 


• Comparative Monitoring; 


• Component Applicability Review; 


• Open-Ended Line (OEL) and Sample Station Flushing Controls; 


• Observation of LDAR Technicians Performing Method 21 Monitoring and Analyzer 


Calibration; 


• DTM & DOR Reviews; 
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• No Detectable Emissions (NDE) & Closed Vent System (CVS) Component Inspection 


Review; 


• A Review of the LDAR Plan; 


• Compressor requirement reviews; 


• LDAR Management of Change (MOC), Quality Assurance/Quality Control (QA/QC), and 


Chronic Leaker Reviews; and 


• Review of the Latest Technician Training Records. 


   


Comparative Monitoring – Comparative monitoring of valves in gas/vapor and light liquid LDAR 


service was performed to compare audit leak rates with the refinery’s reported leak rates in three (3) 


Covered Units. The number of components monitored by the auditors in each operating unit is 


provided in Table 2-1.  


 


Table 2-1 Number of Components Monitored by Component Type 


Unit 
Valve 


Population 


# Valves 


Monitored 


% Valves 


Monitored 


Diesel 


Hydrotreater 


(DHT) 


1,455 220 15% 


Gasoline 


Hydrotreater 


(GHT) 


969 198 20% 


Alky 1,993 205 10% 


Totals 4,417 623 14% 


 


Delek’s CD requires that an average, unit-specific leak percentage for valves be calculated for 


comparison with the audit’s comparative monitoring results. The average valve leak rate was 


assessed by dividing the number of leaking valves by the number of monitored valves during the 


most recent eight (8) quarters of monitoring (Third Quarter 2017 – Second Quarter 2019). The 


comparative monitoring audit leak percentage was calculated in the same manner as the number of 


leaks identified by the auditors was divided by the number of components monitored. 


For each EDR operating unit (i.e., Covered Unit) in which comparative monitoring was performed 


during the audit, a Valve Leak Ratio, defined as the audit leak rate (%) divided by the refinery’s 


average leak rate (%), was also calculated.  


The TRICORD audit team performed independent Method 21 measurements on components from 


three (3) of the Covered Units at Delek’s EDR. A percentage of valves were selected for monitoring 


in these operating units. The auditors began monitoring at one end of the unit and proceeded in an 


orderly manner through the entire unit selecting a fraction of the components in accordance with 


their target percentage (for example, monitor one valve and skip three valves for a 25% valve 


monitoring target). The comparative monitoring was completed only on normally accessible 


components (NTMs). No DTM or UTM components were tested, although a representative sample 
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of elevated components that could be monitored from fixed platforms reachable by stairs or ladders 


was inspected. 


 


The audit team used 2020™ Thermo Environmental Toxic Vapor Analyzers (TVA) owned, operated, 


and maintained by TRICORD. Calibration of the audit analyzers was performed with the refinery’s 


certified 2% accurate calibration gases having approximate concentrations of 0, 200, 500, 2,000, and 


10,000 parts per million by volume (ppmv) methane-in-air. Drift checks of both audit TVAs were 


performed using the 500 ppmv standard at mid-day and at end-of-day. If any pumps were 


monitored, then the analyzers were drift-checked with a 2,000 ppmv standard as well. Monitored 


component counts were kept with mechanical counters.  


 


Table 2-2 sets forth the leak definitions in effect at Delek’s EDR at the time of the audit.  


 


Table 2-2 Component Leak Definitions 


Component Type Leak Definition Required Action 


Valves ≥ 200 ppm 
Initial attempt performed 


within 5 Days 


Valves ≥ 500 ppm Repair or DOR within 30 Days 


Valves ≥ 10,000 ppm Repair or DOR within 15 Days 


Pumps  ≥ 2,000 ppm Repair or DOR within 30 Days 


Pumps ≥ 10,000 ppm Repair or DOR within 15 Days 


 


The following information was recorded by the LDAR auditors in a field notebook for each 


component found leaking above its first-attempt-at-repair leak definition (i.e. 500 ppm for valves): 


tag number, concentration reading, component description, and timestamp information. All other 


field notes were similarly recorded. At the end of each day, the field data was transferred to 


electronic spreadsheets for processing. Analyzer calibration and drift check results were managed in 


the same manner. All leaks identified during the comparative monitoring were confirmed by an 


EDR LDAR technician who entered the required data into the refinery database and tagged the 


component(s) for repair. 


 


Tagging, OELs, and Sample Stations – While conducting comparative monitoring in the three (3) 


Covered Units, the LDAR auditors also evaluated tagging accuracy, OEL control, and sample station 


flushing control. Tagging accuracy was checked by noting any untagged components on potentially 


regulated lines and asking the refinery to verify these components were either in the database or did 


not need to be included. Tagging accuracy was further checked through a detailed review of the 


Covered Units’ highlighted piping and instrumentation diagrams (P&IDs).  


 


OEL control was evaluated by the LDAR auditors noting any instances of valves with hydrocarbon 


process fluid on one side and open to atmosphere on the other side that were uncontrolled by a cap, 


plug, blind flange, or double-block valve arrangement. Sample stations were checked for proper 
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flushing control by verifying that the flushing fluid, if a liquid, was either returned to the process, 


routed to a control device, or captured in a sealed container for disposal. 


 


Calibration and Monitoring Observation – Instrument calibration procedures were evaluated by the 


auditors observing the EDR LDAR technicians calibrating their analyzers at the start of the day. 


Technician monitoring was evaluated by the LDAR auditors for proper coverage and pace by 


observing the technicians as they monitored selected valves and pumps. Electronic data capture was 


also verified by the LDAR auditors at this time. 


  


DTMs and DORs – Compliance with DTM requirements was verified by the LDAR auditors 


through a review of DTM valves classified in the refinery database. Components currently on the 


EDR LDAR DOR list were reviewed by an auditor to determine, to the best of their ability, whether 


or not they could be isolated and repaired, and to check that the DOR forms were properly filled out 


and signed.  


 


Interviews – An interview with the EDR LDAR Coordinator was conducted on the subjects of LDAR 


MOC, LDAR QA/QC, and compliance with the CD’s chronic leaker requirements. The LDAR 


technicians were also interviewed separately on Method 21 monitoring and analyzer calibration 


procedures. A review of LDAR compressor requirements was also covered.
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3 AUDIT RESULTS 


3.1 Audit Findings 


This in-depth LDAR audit consisting of a database review and field investigation produced the 


findings listed below in Table 3-1. 


 


Table 3-1 Audit Findings 


# Citation Compliance Issue 


1 40 CFR §60.482-6(a)(1) 


Open-Ended Lines (OELs): During the field review, three (3) 


instances of uncontrolled OELs [One (1) OEL in the DHT Unit 


and two (2) OELs in the GHT Unit] were identified. 


2 40 CFR §60.482-7 


Overlooked Components: During the field review, it was 


discovered that four (4) valves which appear to be in VOC 


service are not included in the LDAR Program. 


 


3.2 Database Audit Results 


An extensive database review (Section 2) using independent queries produced no compliance issues. 


 


3.3 Field Audit Results 


The field audit produced two (2) compliance issues as listed in Table 3-1. Both compliance issues 


were corrected before the close of business on the same day they were identified. 


 


3.3.1 Comparative Monitoring Results 


Comparative monitoring was performed on valves in three (3) Covered Units to evaluate the 


refinery’s reported leak rates.  


 


As indicated in Table 3-2, the Comparative Monitoring leak rate results support the refinery’s 


average leak rates. The audit leak rate of 0.64% is lower than the refinery’s average leak rate of 


0.82%. As indicated in Table 3-2, the resulting Leak Ratios for all three units are below a 3.0 times 


multiplier, which is the industry standard for good comparative monitoring. Figure 3-1 is a 


graphical representation of the statistical agreement of the leak rates around the 95% confidence 


interval. 
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Table 3-2 Comparative Monitoring Leak Ratio 


 


Figure 3-1 Graphical Representation of the Statistical Agreement 


  
 


UNIT 


REFINERY VALVE 


LEAK RATES                         


(Based on the last 8 


monitoring periods) 


AUDIT VALVE LEAK 


RATES 


COMPARATIVE 


MONITORING 


VALVE LEAK RATIO                          


(Calculated as Audit 


Leak %/Site Leak %) 
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DHT 11,607 57 0.49% 220 1 0.45% 0.93 


GHT 7,866 48 0.61% 198 0 0.00% 0.00 


Alky 16,276 169 1.04% 205 3 1.46% 1.41 


Unit Totals 33,840 277 0.82% 623 4 0.64% 0.78 
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3.3.2 Record Review Results 


A review of analyzer calibration records, quarterly analyzer precision checks, the analyzer 


maintenance log, weekly pump inspections, technician annual LDAR training documentation, the 


EDR LDAR Plan, and the four (4) most recent EDR LDAR semi-annual reports did not identify any 


compliance issues. 


 


3.3.3 Component Review Results 


Three (3) OELs and four (4) components in VOC service not included in the LDAR program were 


identified during the comparative monitoring. 


 


3.3.4 DTM and DOR Review Results 


An inspection of randomly selected DTM valves indicated that all were properly identified. A 


review of the current DOR components indicated that they were correctly labeled, documented, 


and, in the LDAR auditor’s opinion, could not be isolated for repair without a process unit shut-


down. 


 


3.3.5 Technician Observation Results 


The LDAR technicians were observed performing instrument calibrations and component 


monitoring and were also questioned regarding US EPA Method 21 procedures. Monitoring pace 


and coverage were considered sufficient for reliable leak detection.  


 


No issues concerning LDAR MOCs, QA/QC, or chronic leaker control were identified in the 


interview with the EDR LDAR Coordinator. 
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4 PROGRAM STRENGTHS 


Recognition of program strengths is important in any audit to provide a balanced perspective. The 


LDAR program at Delek’s EDR has many important strengths. These include but are not limited to 


the following: 


• During the P&ID review, it was noted that component tag numbers are written on P&IDs. 


This is an excellent practice that allows for inventory control and ensures program integrity. 


• During the technician calibration observations, it was noted that the site is using Phx42 


analyzers and a SpanBox calibration system. These are top-of-the-line tools and are 


considered an industry best practice. 


• During the records review, it was noted that the filing system is robust and well-organized. 


This allows for any potential questions to be quickly, easily, and accurately answered. 


 







Delek US El Dorado Refinery (EDR) LDAR Third-Party Audit 
(October 7-10, 2019) 


Conducted Pursuant to Consent Decree Paragraph 23.C. 
Summary of Findings/Corrective Measures 


 
 
 
 
Finding No. 1 – Open-Ended Line Control – Three (3) open-ended lines (OELs) observed 
without cap, plug, blind flange, or double-block control.   
 
Corrective Measures: The El Dorado Refinery (EDR) corrected all three OELs on October 
8, 2019 (the same date of discovery) by installing plugs. The EDR continues to drive 
knowledge and awareness through training Operations and Maintenance Personnel on 
replacing all plugs, caps, and blind flanges to ensure no OELs are present. 
 
 
Finding No. 2 – Overlooked Components – Four (4) valves in volatile organic constituent 
(VOC) service that were not included in the EDR Leak Detection and Repair (LDAR) 
Program.  
 
Corrective Measures: These four valves were added to the EDR LeakDAS database on 
October 8, 2019 and subsequently monitored on October 17, 2019. These valves were 
included before changes were made to the EDR’s Management of Change (MOC) Program 
that requires more robust process and instrumentation diagram (PID) markups prior to 
refinery change management approval. The EDR continues to drive knowledge and 
awareness through training Monitoring technicians on the recognition of LDAR applicable 
equipment throughout the refinery.   
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)
Miscellaneous Waste Streams Slop Oil Movements (Non-turnaround) X X X - - - 0 0 1 4,760 110 6,749,328.01 740.91 740.91 0.741 0.000


Tank Clean Out  X X X - - - 0 0 110 190 0 0.00 0.00 0.00 0.000 0.000
Spills  X X X - - - 0 0 0 6,740 25 684.01 0.02 0.02 0.000 0.000
Vac. Truck Waste  X X X 2 40075 3 1,176,560 3 1 1 210 202,087.90 42.48 45.90 0.046 0.046
Asphalt Area Residue X X X 0.02 0.84 0.04 199,556,317 8 3 30 10 501,007.98 5.01 13.19 0.013 0.013
Sand Hill Loading Rack Retains X X X - - 0.00 0 0 1 6,000 4,200 7,795.17 32.74 32.74 0.033 0.000
Offsite Waste (Spent Catalyst)  X X X - - - 0 0 0 730 730 271,970.52 0.17 0.17 0.000 0.000
Sour Water Stripper Outlet  X X X 0 0.10 0.04 209,534,133 8 0 10 3.6 180,409.91 0.66 8.27 0.008 0.008
Slop Oil Movements (Turnaround-related)  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
T-432 - Spent Caustic  X X X - - - 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Offsite Waste (Misc.)  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Turnaround  X X X 0 0 0 0 0 0 0 0 0.00 0.00 250.00 0.250 0.250
API Trap/Sump  X X X 0 0.0 0.0 0 0 0.0 0 0 0.00 0.00 0.00 0.000 0.000
Remediation Wastes  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Crude Unit Desalter X  X X 18.0 42.0 29.4 275,055,124 8,077 0 1,140 1,140 2,368,238.01 2,699.79 10,777.17 10.777 0.000
Desalter Flash effluent X X X 0.7 1.6 1.0 308,647,104 298 0 1,140 1,140 1,328,733.30 1,514.76 1,812.36 0.298
Maintenance  X X X 0 0 0 0 0   0 0.00 0.00 10.00 0.010 0.010
LSR Stab Overhead Accumulator  X X X 145 328 215 12,472 3 14,530 32,809 21,513 81.82 1.76 4.44 0.004 0.004
Desalter Rag Layer Check  X X X 0 11 11 8,315 0 0 1,140 1,140 2,386.37 2.72 2.82 0.003 0.003
East Surge Drum  X X X 0 11 11 33,259 0 0 1,140 1,140 286.36 0.33 0.71 0.001 0.001
West Surge Drum  X X X 0 11 11 8,315 0 0 1,140 1,140 71.59 0.08 0.18 0.000 0.000
Kerosene Stripper Pump  X X X 0 0 0 0 0 10.0 300 10.0 567.25 0.01 0.01 0.000 0.000
Atmospheric Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,543 0 39 41 40 47.12 0.00 0.00 0.000 0.000
Vac. Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,543 0 39 41 40 47.12 0.00 0.00 0.000 0.000
Preflash Reboiler Fuel K/O  X X X 0.4 0.4 0.4 2,183 0 39 41 40 18.55 0.00 0.00 0.000 0.000
Diesel Control Valve  X X X 0 0 0 0 0 0 0.8 0.8 596.44 0.00 0.00 0.000 0.000
Vac. Pot  X X X 0 0 0 58,204 0 0 0.8 0.8 501.01 0.00 0.00 0.000 0.000
Desalter Flash Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Neutral Oil Storage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
AGO Steam Generator  X X X 0 0 0 0 0 0 0 0 154.52 0.00 0.00 0.000 0.000
VGO Control Valve  X X X 0 0 0 0 0 0 0 0 159.37 0.00 0.00 0.000 0.000
DAGO  X X X 0 0 0 0 0 0 0 0 130.15 0.00 0.00 0.000 0.000
Atmosheric Overhead Accumulator  X X X 0 0 0 15,964,505 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Preflash Overhead Accumulator  X X X 0 0 0 9,977,816 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Alkylation Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#5 Scrubber Tower  X X X 0.02 0.03 0.02 7,982,253 0 2.0 3.0 1.7 55,986.55 0.09 0.23 0.000 0.000
Spent Caustic Bleed  X X X 0.02 0.06 0.04 374,168 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Isobutane Recycle Coalescer  X X X 0.02 0.03 0.02 4,157 0 2.0 3.0 1.7 2,915.97 0.00 0.00 0.000 0.000
Isobutane Effluent Exchanger  X X X 0.02 0.03 0.02 1,559 0 2.0 3.0 1.7 364.50 0.00 0.00 0.000 0.000
DIB Feed Coalescer  X X X 0.01 0.02 0.01 37,417 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
DIB Overhead Rec  X X X 0.01 0.02 0.01 37,417 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
Recycle Coalescer  X X X   0 0 0 0 0 0 185.57 0.00 0.00 0.000 0.000
Depro Caustic Wash Drum  X X X 0.02 0.06 0.04 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash Drum  X X X 0.02 0.03 0.02 8,315 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Sour Water Chg Pump  X X X 0 0.02 0.01 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
1st Feed Coalescer  X X X 0 0 0 4,157 0 0 0 0 4,441.53 0.00 0.00 0.000 0.000
2nd Feed Coalescer  X X X 0 0 0 8,315 0 0 0 0 89.07 0.00 0.00 0.000 0.000
Purchase Isobutane Coalescer  X X X 0 0 0 4,157 0 0 0 0 2,915.97 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 208 0 0 0 0 0.02 0.00 0.00 0.000 0.000
Reboiler Steam Condensate Cooler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on Condensate Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on steam Blowdown Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
DIB & DEC3 Reboiler Condensate  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 208 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 208 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Depro Overhead Rec  X X X 0 0 0 1,039 0 0 0 0 176.34 0.00 0.00 0.000 0.000
Depropanizer Feed Coalescer  X X X 0 0 0 693 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Refrigerent Surge Drum  X X X 0 0 0 780 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Surge Drum  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Dryer Acid  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overhead Receiver on C4 Splitter  X X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Isomerization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Penex Charge  X X X 0 0 0 0 0 18,853 43,354 27,902 340.39 9.50 9.50 0.009 0.009
#6 Isomate  X X X 0 0 0 0 0 31 1,737 923 225.90 0.21 0.21 0.000 0.000
Stripper Overhead Water Boot  X X X 145 328 215 173 0 14,530 32,809 21,513 0.00 0.00 0.04 0.000 0.000
Caustic Scrubber  X X X 0 0 0 415,742 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Fuel KO Pot  X X X 0 0 0 5,262 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#6 HP Flare Drain  X X X 0 0 0 792 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Hydrotreating  Separator  X X X 0 0 0 198 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Caustic Bd Pump  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Caustic KO Pot  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Charge Heater  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Stab Reboiler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Water Wash Drum CV  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Scrubber  X X X 0 0 0 1,386 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Stripper Overhead Water Boot  X X X 145 328 215 0 0 14,530 32,809 21,513 0.00 0.00 0.00 0.000 0.000
#6 Water Wash Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#6 Feed Coalescer  X X X 37 84 n/a n/a n/a 3,730 8,400 n/a 0.00 0.00 0.00 0.000 0.000
HP Flare K/O Drum  X X X 0 0 0 182 0 39 41 40 0.00 0.00 0.00 0.000 0.000


Total Annual Benzene Report - 2020
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2020


Catalytic Cracking Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Overhead Accumulator  X X X 30 70 50 173 0 3,000 7,000 5,000 0.00 0.00 0.01 0.000 0.000
Fuel Gas KO Pot  X X X 0 0 0 12,472 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#10 Feed Coalescer  X X X 0 0 150 0 0 0 0 15,000 0.00 0.00 0.00 0.000 0.000
XVG Low Stage Suction Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Waste Heat Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Steam Generator Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
7 Charge  X X X 0 0 0 0 0 0 0 0 311.00 0.00 0.00 0.000 0.000
#7 Overhead Rec'b  X X X 30 70 50 36,917,919 1,846 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000
KVG Low Stage Suction Drum  X X X 30 70 50 0 0 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000


Unit 8 Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Feed Coalescer  X X X 0 0 0 14 0 0 1 1 1,192.88 0.00 0.00 0.000 0.000
Inlet Sample  X X X 0 0 0 0 0 0 1 1 1,192.88 0.00 0.00 0.000 0.000
Treated Disel Sample  X X X 0 0 0 0 0 0 1 1 1,192.88 0.00 0.00 0.000 0.000
Fliter Change Out  X X X 0 0 0 7 0 0 1 1 596.44 0.00 0.00 0.000 0.000
Stripper Overhead Receiver  X X X 0 18 18 14 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000


Platformer Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#9 Stripper Overhead  X X X 0 18 18 87 0 0 1,800 1,800 74.75 0.13 0.14 0.000 0.000
NHT Prod Sep  X X X 0 18 18 37 0 0 1,800 1,800 10.68 0.02 0.02 0.000 0.000
#9 Fuel KO Drum  X X X 0 0 0 3,118 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Sour Water Drum  X X X 0 0 0 69,290 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Steam Diengage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#9 Stab Overhead Wtr Boot  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
# 9 KO Drum Level Control  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
NHT Prod Sep  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000


Desulfurization Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Fuel Gas Ko Dr  X X X 0 0 0 27,716 0 39 41 40 0.00 0.00 0.01 0.000 0.000
#10 Product CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Product Sample Purge  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Charge CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
Comp Jacket Water  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Net Gas Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 223,405.76 3,351.09 0.00 0.000 0.000
#10 Hi Pres Sep  X X X 100 200 150 13,858 2 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Lo Pres Sep  X X X 1.8 2.0 1.9 2,772 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000


Desulfurization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Stuffing Box for N/S Compressors  X X X 100 200 150 297 0 10,000 20,000 15,000 0.00 0.00 0.04 0.000 0.000
# 12 Fuel Gas K/O Pot  X X X 0.39 0.41 0.40 13,858 0 39 41 40 0.00 0.00 0.01 0.000 0.000
# 12 Charge  X X X 0 0 0 0 0 0 0 0 633.90 0.00 0.00 0.000 0.000
# 12 Product  X X X 0 0 0 0 0 0 0 0 622.01 0.00 0.00 0.000 0.000
Booster Suction Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
2nd Stage Suction Drums  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
# 12 Flare Drum  X X X 0 0 0 582,039 0 0 0 0 0.00 0.00 0.00 0.000 0.000
12 Stripper Overhead Receiver  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
# 12 Net Gas Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
HP Separator  X X X 0 0 0 19,955,632 0 0 0 0 0.00 0.00 0.00 0.000 0.000
LP Separator  X X X 0 0 0 291,020 0 0 0 0 0.00 0.00 0.00 0.000 0.000


NaHS Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Water Wash Separator  X X X 0 0 0 5,986,690 2 39 41 40 0.00 0.00 2.39 0.002 0.002
LP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LP Flare Drum  X X X 0.39 0.41 0.40 8,884 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare Drum  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Light Oil Treater Flare Drum K/O  X X X 0.39 0.41 0.40 1,822 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Reactor  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LSR Treater Water Wash  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Caustic Treater Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2020


Laboratory Samples Platformate  X X 0 0 0 0 0 30,340 67,500 49,647 1,127.43 55.97 55.97 0.056 0.056
HTU Charge  X X 0 0 0 0 0 21,423 41,527 28,217 676.88 19.10 19.10 0.019 0.019
Penex Charge  X X 0 0 0 0 0 18,853 43,354 27,902 680.78 19.00 19.00 0.019 0.019
10 Product  X X 0 0 0 0 0 10,000 20,000 15,000 666.72 10.00 10.00 0.010 0.010
4 Unstabilized Lsr  X X 0 0 0 0 0 14,530 32,809 21,513 454.58 9.78 9.78 0.010 0.010
14 Debut Bottoms  X X 0 0 0 0 0 3,000 7,000 7,370 1,041.22 7.67 7.67 0.008 0.008
1 Stream  X X 0 0 0 0 0 11,200 15,000 12,367 505.80 6.26 6.26 0.006 0.006
Preflash Naphtha  X X 0 0 0 0 0 7,900 11,700 10,267 502.36 5.16 5.16 0.005 0.005
LSR  X X 0 0 0 0 0 14,530 32,809 21,513 227.29 4.89 4.89 0.005 0.005
10 Charge  X X 0 0 0 0 0 10,000 20,000 15,000 166.68 2.50 2.50 0.003 0.003
Platformer Feed  X X 0 0 0 0 0 5,330 11,700 9,443 257.07 2.43 2.43 0.002 0.002
Unifiner Feed  X X 0 0 0 0 0 11,200 15,000 8,733 252.90 2.21 2.21 0.002 0.002
Isomate  X X 0 0 0 0 0 31 1,737 923 1,355.38 1.25 1.25 0.001 0.001
7 Naphtha  X X 0 0 0 0 0 0 1,800 1,800 597.98 1.08 1.08 0.001 0.001
Frac. Reflux  X X 0 0 0 0 0 0 1,800 1,800 597.98 1.08 1.08 0.001 0.001
Crude In  X X 0 0 0 0 0 0 1,140 1,140 149.15 0.17 0.17 0.000 0.000
Crude Out  X X 0 0 0 0 0 0 1,140 1,140 149.15 0.17 0.17 0.000 0.000
Kerosene  X X 0 0 0 0 0 10.0 300 10.0 567.25 0.01 0.01 0.000 0.000
Light Cycle Oil  X X 0 0 0 0 0 175 200 188 666.72 0.13 0.13 0.000 0.000
Heavy Cycle Oil  X X 0 0 0 0 0 175 200 188 333.36 0.06 0.06 0.000 0.000
Alkylate  X X 0 0 0 0 0 2.0 3.0 1.7 971.99 0.00 0.00 0.000 0.000
Diesel  X X 0 0 0 0 0 0 1 0.8 596.44 0.00 0.00 0.000 0.000
5 Caustic  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
5 Effluent Caustic Wash  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
12 Charge  X X 0 0 0 0 0 0 0 0 316.95 0.00 0.00 0.000 0.000
12 Product  X X 0 0 0 0 0 0 0 0 622.01 0.00 0.00 0.000 0.000
4 Flux  X X 0 0 0 0 0 0 0 0 2,103.66 0.00 0.00 0.000 0.000
7 Charge  X X 0 0 0 0 0 0 0 0 311.00 0.00 0.00 0.000 0.000
DAGO  X X 0 0 0 0 0 0 0 0 130.15 0.00 0.00 0.000 0.000
Fractionator Bottoms  X X 0 0 0 0 0 0 0 0 382.31 0.00 0.00 0.000 0.000
Clarified Oil  X X 0 0 0 0 0 0 0 0 382.31 0.00 0.00 0.000 0.000
VGO  X X 0 0 0 0 0 0 0 0 159.37 0.00 0.00 0.000 0.000
AGO  X X 0 0 0 0 0 0 0 0 154.52 0.00 0.00 0.000 0.000
14 Merox Caustic  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
14 Lean DEA  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Drier Acid  X X 0 0 0 346 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Reactor Acid  X X 0 0 0 693 0 0 0 0 0.00 0.00 0.00 0.000 0.000
11 Asphalt  X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
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TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)


Total Annual Benzene Report - 2020


Tank Farm Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Chrg. Stock - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Slop Oil - Out of Service  X X X 0 48 1 0 0 1.3 4,760 110 0.00 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Gas Oil - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0.0 0.0 0.0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Fresh Caustic  X X X 0.0 0.0 0.0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#7 Light Cycle Oil (LCO)  X X X 1.8 2.0 1.9 277,162 1 175 200 188 2,666.88 0.50 1.02 0.001 0.001
Platformate  X X X 303.40 675.00 496.47 831,485 413 30,339.9 67,500.0 49,646.7 6,764.56 335.84 748.64 0.749 0.749
Platformate  X X X 303 675 496 554,323 275 30,340 67,500 49,647 4,509.71 223.89 499.09 0.499 0.499
Platformate  X X X 303 675.0 496.5 27,716 14 30,340 67,500 49,647 225.49 11.19 24.95 0.025 0.025
Gasoline 93 Octane  X X X 0 160 60 166,297 10 10 16,000 6,000 1,247.23 7.48 17.46 0.017 0.017
Light Slop Oil X  X X 0 11 11 11,640,785 133 0 1,140 1,140 100,227.73 114.26 246.96 0.247 0.000
Isomate  X X X 0.3 17 9.2 0 0 31 1,737 923 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
No. 4 Vacuum Gas Oil  X X X 0 0 0 27,716 0 0 0 0 248.80 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
In SW Service  X X X 0 0 0 831,485 0 5 30 16 8,314.85 0.13 0.27 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 831,485 56 3,000 7,000 6,740 6,247.33 42.11 98.15 0.098 0.098
No. 4 St. Run Gasoline  X X X 145 328 215 831,485 179 14,530 32,809 21,513 5,454.93 117.35 296.23 0.296 0.296
#4 Diesel/Kerosene  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Slop Diesel From #8 Unit  X X X 0 0 0 55,432 0 0 0 0 497.60 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel Oil  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,988,908 0 0 1 0.8 42,943.54 0.03 0.07 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,988,908 0 0 1 0.8 42,943.54 0.03 0.07 0.000 0.000
Gasoline Blend  X X X 0 160 60 2,771,616 166 10 16,000 6,000.0 20,787.12 124.72 291.02 0.291 0.291
Gasoline Blend (w/ Coalescer)  X X X 0 160 60 2,910,196 175 10 16,000 6,000 21,826.47 130.96 305.57 0.306 0.306
Gasoline Blend (w/ Coalescer)  X X X 0.1 160 60 5,820,393 349 10 16,000 6,000 43,652.94 261.92 611.14 0.611 0.611
Gasoline Blend (w/ Coalescer)  X X X 0.1 160 60 5,820,393 349 10 16,000 6,000 43,652.94 261.92 611.14 0.611 0.611
Gasoline Blend (w/ Coalescer)  X X X 0 160 60 2,910,196 175 10 16,000 6,000 21,826.47 130.96 305.57 0.306 0.306
Iso-butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Crude X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Cargill Oil (Vegetable Oil Based Product)  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Naphtha - Out of Service  X X X 0 18 18 0 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 1.75 2 1.9 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
Diesel Oil Blend - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Naphtha  X X X 0 18 18 27,716 0 0 1,800 1,800 239.19 0.43 0.93 0.001 0.001
Naphtha  X X X 0 18 18 27,716 0 0 1,800 1,800 239.19 0.43 0.93 0.001 0.001
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 166,297 36 14,530 32,809 21,513 1,090.99 23.47 59.25 0.059 0.059
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 166,297 36 14,530 32,809 21,513 1,090.99 23.47 59.25 0.059 0.059
VTB Blend  X X X 0 0 0 3,465 0 0 0.8 0.8 29.82 0.00 0.00 0.000 0.000
#4 St Run Gasoline  X X X 145 328 215 55,432 12 14,530 32,809 21,513 363.66 7.82 19.75 0.020 0.020
#4 St Run Gasoline  X X X 145 328 215 55,432 12 14,530 32,809 21,513 363.66 7.82 19.75 0.020 0.020
Iso-Butane  X X X 0 0 0 693 0 0 0 0 4.02 0.00 0.00 0.000 0.000
Mixed Butane  X X X 0 0 0 693 0 0 0 0 4.02 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 990 0 0 0 0 5.04 0.00 0.00 0.000 0.000
NO. 14 GC DEP BTM  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
#4 Vacuum Gas Oil  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Ethanol  X X X 0 0 0 2,328,157 0 0 0 0 17,492.52 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145 328 215 10,394 2 14,530 32,809 21,513 68.19 1.47 3.70 0.004 0.004


1,141,954,378 Total Annual Benzene (Mg/yr): 16.36
§61.342(e) Uncontrolled Benzene Quantity (Mg/yr): 4.86


1 The desalter flash effluent is included to provide a characterization of desalter effluent after exiting the flash drum. Desalter effluent benzene loading is a TAB entry; desalter flash effluent is not. The water phase of the desalter flash effluent ultimately becomes uncontrolled, after oil removal in controlled tanks; 
   thus, the water phase of desalter flash effluent is put toward the 6BQ quantification.
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APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(April 23-27, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on April 23, 2019, at 
approximately 0044 hours and lasted, intermittently, until April 27, 2019, at 
approximately 0922 hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 0.96 tons (~1,927 lbs) of sulfur dioxide was emitted during the 
Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
  







 


 
Response:  


 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 
consistent with minimizing the duration and emissions from the Incident.  


   
  


iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 
of that Acid Gas Flaring Incident, to the extent determinable; 


  
Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of all 
corrective actions identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(April 23-27, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident 
Type:  


Hydrocarbon 
Flaring  


Incident Start 
Date: 


April 23, 2019 Time: ~ 0044 hours 


Incident End 
Date: 


April 27, 2019 Time:  ~ 0922 hours 


Investigation 
Start Date: 


April 23, 2019 
Incident 
Duration: 


955 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 1,927 tons: 0.96 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


04/23-27/2019 0044-0922 hours^ 955 
LP Flare (SN-823) and 


HP Flare (SN-822) 
^Note:  Intermittent flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Jeff Carr Operations Manager (Acting) 
2. Tony Hooks Production Superintendent 
3. Cody Dykes Process Engineer 
4. Danny Smeltzer Area 1 Operations Manager 
5. Alex Hulsey Environmental Specialist 


 
Incident Date, Time, & Emissions: 
 
On April 23, 2019, emissions associated with this hydrocarbon flaring incident began at 
approximately 0044 hours and occurred intermittently from the Low Pressure (LP) and/or High 
Pressure (HP) Flare until April 27, 2019 at approximately 0922 hours.  During this period, the El 
Dorado Refinery (EDR) released approximately 1,927 lbs (0.96 tons) of sulfur dioxide (SO2) based 
on the equations presented in the Consent Decree for determining SO2 releases from hydrocarbon 
(HC) flaring.  The initial investigation of this incident commenced on April 23, 2019.   
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (April 23-27, 2019) 
Investigation and Root Cause 
 
Investigation and Analysis: 
 
The EDR commenced multiple unit cold startup activities during the end of the third week of April 
following a scheduled maintenance turnaround.  Intermittent flaring events from both the LP and 
HP Flare Systems occurred during start-up of the refinery process units.  Operations personnel 
followed standard operating procedure for each unit cold startup, and tried to minimize the impact 
of startup-related flaring whenever possible.  Coordination between the various units as well as 
supervisory personnel was also used to control startup related flaring.  The flare systems functioned 
as designed to safely combust excess gas that was not captured by the Flare Gas Recovery Unit 
(FGRU) 
 
Root Cause: 
    
Intermittent LP and HP flaring events occurred during the cold startup of multiple refinery units 
while bringing units online following a scheduled maintenance turnaround. 
 
 
Recommendation(s) to prevent incident reoccurrence: 
 
Operations will perform at a minimum annual evaluations of startup procedures for continuous 
improvement. 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Continue safe operation of 
refinery FGRU to 


minimize flare emissions 
during startups, shutdowns, 


and/or equipment 
malfunctions 


Chris Thomas 
Operations Area 


Supervisor 
 


Ongoing Ongoing 


Continue evaluation of unit 
startup procedures for 


continuous improvement 


Jeff Carr 
Danny Smeltzer 


Operations Area 
Managers 


Annual 


Procedures are 
reviewed at a 
minimum on 


an annual basis 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(April 23-27, 2019) 
Emissions Quantity 


 
Event Overview 


Total Amount of 
SO2 (tons) 


Low Pressure Flare (SN-823) 0.80 


High Pressure Flare (SN-822) 0.16 
Event (Total) ~0.96 


Average SO2 
Emission Rate 


(lb/hr) 


Low Pressure Flare (SN-823) 221.4 


High Pressure Flare (SN-822) 37.1  


Event (Total) 129.3 


 
 
The event data that populated the table above is as follows for the Low Pressure Flare (SN-823) 
and High Pressure Flare (SN-822), respectively. 
 


Low Pressure Flare (SN-823) 


Date/Time 
Flare Volumetric Flow 


H2S 
Content 


Amount of 
SO2 


Emission 
Rate 


scfm % tons lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


4/23/2019 3:17 AM 1.10 6.01 0.00001 0.01113 
4/23/2019 3:18 AM 26.27 6.01 0.00013 0.26682 
4/23/2019 3:19 AM 5.57 6.01 0.00003 0.05657 
4/23/2019 3:20 AM 15.34 6.01 0.00008 0.15578 
4/23/2019 3:21 AM 13.69 6.01 0.00007 0.13904 
4/23/2019 3:22 AM 12.78 6.01 0.00006 0.12980 
4/23/2019 3:23 AM 11.48 6.01 0.00006 0.11665 
4/23/2019 3:24 AM 5.16 6.01 0.00003 0.05245 
4/23/2019 3:25 AM 38.86 6.01 0.00020 0.39465 
4/23/2019 3:26 AM 13.64 6.01 0.00007 0.13853 
4/23/2019 3:27 AM 4.23 6.01 0.00002 0.04292 
4/23/2019 3:28 AM 0.35 6.01 0.00000 0.00351 
4/23/2019 3:29 AM 27.33 6.01 0.00014 0.27756 
4/23/2019 3:35 AM 20.02 6.01 0.00010 0.20331 
4/23/2019 3:36 AM 41.70 6.01 0.00021 0.42357 
4/23/2019 3:37 AM 19.35 6.01 0.00010 0.19652 
4/23/2019 3:38 AM 40.94 6.01 0.00021 0.41582 







4/23/2019 3:39 AM 4.49 6.01 0.00002 0.04562 
4/23/2019 3:40 AM 35.49 6.01 0.00018 0.36043 
4/23/2019 3:41 AM 11.10 6.01 0.00006 0.11274 
4/23/2019 3:42 AM 73.32 6.01 0.00037 0.74470 
4/23/2019 3:43 AM 24.97 6.01 0.00013 0.25366 
4/23/2019 3:48 AM 21.47 6.01 0.00011 0.21804 
4/23/2019 3:49 AM 18.91 6.01 0.00010 0.19210 
4/23/2019 3:50 AM 12.20 6.01 0.00006 0.12391 
4/23/2019 3:51 AM 66.00 6.01 0.00033 0.67039 
4/23/2019 3:52 AM 85.08 6.01 0.00043 0.86414 
4/23/2019 3:53 AM 12.48 6.01 0.00006 0.12677 
4/23/2019 8:07 AM 0.35 11.11 0.00000 0.00665 
4/23/2019 8:08 AM 22.89 11.11 0.00021 0.42975 
4/23/2019 8:09 AM 15.53 11.11 0.00015 0.29152 
4/23/2019 8:10 AM 5.63 11.11 0.00005 0.10566 
4/23/2019 8:11 AM 15.28 11.11 0.00014 0.28680 
4/23/2019 8:12 AM 14.82 11.11 0.00014 0.27819 
4/23/2019 8:13 AM 20.16 11.11 0.00019 0.37858 
4/23/2019 8:14 AM 13.22 11.11 0.00012 0.24817 
4/23/2019 8:15 AM 14.28 11.11 0.00013 0.26804 
4/23/2019 8:16 AM 8.42 11.11 0.00008 0.15817 
4/23/2019 8:17 AM 6.16 11.11 0.00006 0.11562 
4/23/2019 8:18 AM 6.05 11.11 0.00006 0.11351 
4/23/2019 8:19 AM 20.84 11.11 0.00020 0.39130 
4/23/2019 8:20 AM 60.09 11.11 0.00056 1.12832 
4/23/2019 8:21 AM 196.56 11.11 0.00184 3.69058 
4/23/2019 8:22 AM 338.12 11.11 0.00317 6.34858 
4/23/2019 8:23 AM 412.43 11.11 0.00387 7.74368 
4/23/2019 8:24 AM 492.31 11.11 0.00462 9.24362 
4/23/2019 8:25 AM 570.10 11.11 0.00535 10.70420 
4/23/2019 8:26 AM 693.66 11.11 0.00650 13.02401 
4/23/2019 8:27 AM 771.19 11.11 0.00723 14.47982 
4/23/2019 8:28 AM 704.57 11.11 0.00661 13.22889 
4/23/2019 8:29 AM 717.50 11.11 0.00673 13.47162 
4/23/2019 8:30 AM 609.13 11.11 0.00571 11.43695 
4/23/2019 8:31 AM 490.30 11.11 0.00460 9.20586 
4/23/2019 8:32 AM 443.18 11.11 0.00416 8.32114 
4/23/2019 8:33 AM 443.95 11.11 0.00416 8.33549 
4/23/2019 8:34 AM 542.35 11.11 0.00509 10.18311 
4/23/2019 8:35 AM 483.47 11.11 0.00453 9.07763 
4/23/2019 8:36 AM 411.19 11.11 0.00386 7.72053 
4/23/2019 8:37 AM 436.12 11.11 0.00409 8.18862 
4/23/2019 8:38 AM 507.82 11.11 0.00476 9.53485 
4/23/2019 8:39 AM 472.48 11.11 0.00443 8.87132 
4/23/2019 8:40 AM 442.24 11.11 0.00415 8.30353 
4/23/2019 8:41 AM 355.92 11.11 0.00334 6.68271 
4/23/2019 8:42 AM 364.85 11.11 0.00342 6.85030 
4/23/2019 8:43 AM 376.03 11.11 0.00353 7.06033 
4/23/2019 8:44 AM 385.28 11.11 0.00361 7.23405 







4/23/2019 8:45 AM 393.96 11.11 0.00369 7.39692 
4/23/2019 8:46 AM 178.98 11.11 0.00168 3.36053 
4/23/2019 8:47 AM 70.62 11.11 0.00066 1.32594 
4/23/2019 9:50 AM 104.29 11.69 0.00103 2.06038 
4/23/2019 9:51 AM 1083.31 11.69 0.01069 21.40200 
4/23/2019 9:52 AM 1263.15 11.69 0.01246 24.95495 
4/23/2019 9:53 AM 1208.23 11.69 0.01192 23.86995 
4/23/2019 9:54 AM 887.90 11.69 0.00876 17.54151 
4/23/2019 9:55 AM 57.89 11.69 0.00057 1.14365 
4/23/2019 1:07 PM 5.50 19.12 0.00009 0.17764 
4/23/2019 1:08 PM 17.50 19.12 0.00028 0.56541 
4/23/2019 1:09 PM 5.44 19.12 0.00009 0.17571 
4/23/2019 1:10 PM 34.29 19.12 0.00055 1.10795 
4/23/2019 1:11 PM 30.29 19.12 0.00049 0.97873 
4/23/2019 1:12 PM 20.06 19.12 0.00032 0.64821 
4/23/2019 1:13 PM 12.65 19.12 0.00020 0.40882 
4/23/2019 1:14 PM 4.81 19.12 0.00008 0.15550 
4/23/2019 1:15 PM 15.12 19.12 0.00024 0.48843 
4/23/2019 1:16 PM 21.21 19.12 0.00034 0.68548 
4/23/2019 1:17 PM 48.19 19.12 0.00078 1.55707 
4/23/2019 1:18 PM 37.72 19.12 0.00061 1.21878 
4/23/2019 1:19 PM 36.60 19.12 0.00059 1.18279 
4/23/2019 1:20 PM 30.02 19.12 0.00048 0.96988 
4/23/2019 1:21 PM 31.59 19.12 0.00051 1.02061 
4/23/2019 1:22 PM 43.60 19.12 0.00070 1.40883 
4/23/2019 1:23 PM 38.62 19.12 0.00062 1.24776 
4/23/2019 1:24 PM 33.82 19.12 0.00055 1.09266 
4/23/2019 1:25 PM 38.92 19.12 0.00063 1.25777 
4/23/2019 1:26 PM 30.14 19.12 0.00049 0.97407 
4/23/2019 1:27 PM 84.50 19.12 0.00136 2.73035 
4/23/2019 1:28 PM 80.14 19.12 0.00129 2.58958 
4/23/2019 1:29 PM 64.69 19.12 0.00104 2.09017 
4/23/2019 1:30 PM 45.88 19.12 0.00074 1.48267 
4/23/2019 1:31 PM 36.63 19.12 0.00059 1.18348 
4/23/2019 1:32 PM 11.01 19.12 0.00018 0.35570 
4/23/2019 1:33 PM 17.79 19.12 0.00029 0.57482 
4/23/2019 1:34 PM 3.73 19.12 0.00006 0.12048 
4/23/2019 1:51 PM 0.03 19.12 0.00000 0.00089 
4/23/2019 1:52 PM 55.38 19.12 0.00089 1.78939 
4/23/2019 1:53 PM 107.93 19.12 0.00174 3.48746 
4/23/2019 1:54 PM 143.09 19.12 0.00231 4.62380 
4/23/2019 1:55 PM 132.84 19.12 0.00214 4.29228 
4/23/2019 1:56 PM 112.74 19.12 0.00182 3.64280 
4/23/2019 1:57 PM 56.99 19.12 0.00092 1.84165 
4/23/2019 1:58 PM 51.24 19.12 0.00083 1.65575 
4/23/2019 1:59 PM 42.97 19.12 0.00069 1.38854 
4/23/2019 2:00 PM 55.31 19.12 0.00089 1.78720 
4/23/2019 8:27 PM 0.07 10.90 0.00000 0.00133 
4/23/2019 8:28 PM 34.41 10.90 0.00032 0.63385 







4/23/2019 8:36 PM 3.92 10.90 0.00004 0.07216 
4/23/2019 8:37 PM 21.10 10.90 0.00019 0.38873 
4/23/2019 8:38 PM 3.04 10.90 0.00003 0.05604 
4/23/2019 8:39 PM 7.46 10.90 0.00007 0.13740 
4/23/2019 8:40 PM 16.87 10.90 0.00016 0.31074 
4/23/2019 8:41 PM 27.40 10.90 0.00025 0.50482 
4/23/2019 8:42 PM 51.24 10.90 0.00047 0.94395 
4/23/2019 8:43 PM 38.58 10.90 0.00035 0.71076 
4/23/2019 8:44 PM 32.58 10.90 0.00030 0.60007 
4/23/2019 8:45 PM 23.88 10.90 0.00022 0.43983 
4/23/2019 8:46 PM 21.96 10.90 0.00020 0.40447 
4/23/2019 8:47 PM 23.03 10.90 0.00021 0.42423 
4/23/2019 8:48 PM 30.49 10.90 0.00028 0.56170 
4/23/2019 8:49 PM 84.70 10.90 0.00078 1.56028 
4/23/2019 8:50 PM 105.02 10.90 0.00097 1.93462 
4/23/2019 8:51 PM 95.07 10.90 0.00087 1.75136 
4/23/2019 8:52 PM 53.62 10.90 0.00049 0.98771 
4/23/2019 8:53 PM 63.31 10.90 0.00058 1.16631 
4/23/2019 8:54 PM 35.59 10.90 0.00033 0.65565 
4/23/2019 8:55 PM 30.40 10.90 0.00028 0.55995 
4/23/2019 8:56 PM 72.01 10.90 0.00066 1.32658 
4/23/2019 8:57 PM 105.10 10.90 0.00097 1.93614 
4/23/2019 8:58 PM 131.46 10.90 0.00121 2.42156 
4/23/2019 8:59 PM 153.64 10.90 0.00141 2.83024 
4/23/2019 9:00 PM 124.58 10.90 0.00115 2.29490 
4/23/2019 9:01 PM 111.04 10.90 0.00102 2.04552 
4/23/2019 9:02 PM 85.17 10.90 0.00078 1.56888 
4/23/2019 9:03 PM 55.40 10.90 0.00051 1.02056 
4/23/2019 9:04 PM 63.53 10.90 0.00058 1.17037 
4/23/2019 9:05 PM 87.56 10.90 0.00081 1.61298 
4/23/2019 9:06 PM 112.63 10.90 0.00104 2.07477 
4/23/2019 9:07 PM 83.82 10.90 0.00077 1.54409 
4/23/2019 9:08 PM 75.97 10.90 0.00070 1.39936 
4/23/2019 9:09 PM 104.51 10.90 0.00096 1.92523 
4/23/2019 9:10 PM 111.63 10.90 0.00103 2.05625 
4/23/2019 9:11 PM 114.26 10.90 0.00105 2.10479 
4/23/2019 9:12 PM 145.85 10.90 0.00134 2.68672 
4/23/2019 9:13 PM 141.82 10.90 0.00130 2.61248 
4/23/2019 9:14 PM 106.57 10.90 0.00098 1.96307 
4/23/2019 9:15 PM 61.58 10.90 0.00057 1.13429 
4/23/2019 9:16 PM 86.31 10.90 0.00079 1.58990 
4/23/2019 9:17 PM 131.18 10.90 0.00121 2.41645 
4/23/2019 9:18 PM 108.06 10.90 0.00099 1.99051 
4/23/2019 9:19 PM 141.70 10.90 0.00130 2.61029 
4/23/2019 9:20 PM 133.98 10.90 0.00123 2.46796 
4/23/2019 9:21 PM 133.13 10.90 0.00122 2.45243 
4/23/2019 9:22 PM 110.65 10.90 0.00102 2.03837 
4/23/2019 9:23 PM 70.22 10.90 0.00065 1.29353 
4/23/2019 9:24 PM 74.37 10.90 0.00068 1.36995 







4/23/2019 9:25 PM 94.69 10.90 0.00087 1.74422 
4/23/2019 9:26 PM 113.61 10.90 0.00105 2.09283 
4/23/2019 9:27 PM 144.60 0.92 0.00011 0.22482 
4/23/2019 9:28 PM 126.58 0.92 0.00010 0.19681 
4/23/2019 9:29 PM 172.64 0.92 0.00013 0.26843 
4/23/2019 9:30 PM 114.05 0.92 0.00009 0.17733 
4/23/2019 9:31 PM 97.20 0.92 0.00008 0.15113 
4/23/2019 9:32 PM 58.95 0.92 0.00005 0.09165 
4/23/2019 9:33 PM 102.82 0.92 0.00008 0.15986 
4/23/2019 9:34 PM 93.68 0.92 0.00007 0.14566 
4/23/2019 9:35 PM 81.45 0.92 0.00006 0.12664 
4/23/2019 9:36 PM 112.34 0.92 0.00009 0.17467 
4/23/2019 9:37 PM 90.47 0.92 0.00007 0.14066 
4/23/2019 9:38 PM 86.52 0.92 0.00007 0.13453 
4/23/2019 9:39 PM 69.46 0.92 0.00005 0.10800 
4/23/2019 9:40 PM 66.51 0.92 0.00005 0.10341 
4/23/2019 9:41 PM 24.22 0.92 0.00002 0.03766 
4/23/2019 9:42 PM 17.99 0.92 0.00001 0.02797 


4/24/2019 12:53 AM 21.39 10.78 0.00019 0.38961 
4/24/2019 12:54 AM 147.20 10.78 0.00134 2.68174 
4/24/2019 12:55 AM 27.64 10.78 0.00025 0.50347 
4/24/2019 1:02 AM 2.56 10.78 0.00002 0.04667 
4/24/2019 1:03 AM 33.45 10.78 0.00030 0.60945 
4/24/2019 1:04 AM 534.26 10.78 0.00486 9.73331 
4/24/2019 1:05 AM 2027.31 10.78 0.01845 36.93394 
4/24/2019 1:06 AM 1188.39 10.78 0.01081 21.65034 
4/24/2019 1:07 AM 1280.56 10.78 0.01165 23.32957 
4/24/2019 1:08 AM 1533.45 10.78 0.01395 27.93666 
4/24/2019 1:09 AM 960.61 10.78 0.00874 17.50063 
4/24/2019 1:10 AM 170.03 10.78 0.00155 3.09761 
4/24/2019 1:11 AM 44.30 10.78 0.00040 0.80715 
4/24/2019 1:49 AM 12.65 10.78 0.00012 0.23039 
4/24/2019 1:50 AM 166.88 10.78 0.00152 3.04022 
4/24/2019 1:51 AM 8.11 10.78 0.00007 0.14768 
4/24/2019 2:22 AM 2.53 7.70 0.00002 0.03291 
4/24/2019 2:23 AM 123.78 7.70 0.00080 1.61077 
4/24/2019 2:24 AM 1.06 7.70 0.00001 0.01382 
4/24/2019 2:31 AM 3.97 7.70 0.00003 0.05170 
4/24/2019 2:32 AM 12.82 7.70 0.00008 0.16682 
4/24/2019 2:33 AM 5.94 7.70 0.00004 0.07730 
4/24/2019 2:35 AM 107.87 7.70 0.00070 1.40368 
4/24/2019 2:36 AM 6.36 7.70 0.00004 0.08270 
4/24/2019 2:37 AM 48.31 7.70 0.00031 0.62867 
4/24/2019 2:38 AM 10.31 7.70 0.00007 0.13414 
4/24/2019 5:07 AM 64.22 1.25 0.00007 0.13567 
4/24/2019 5:08 AM 97.89 1.25 0.00010 0.20680 
4/24/2019 5:09 AM 80.32 1.25 0.00008 0.16969 
4/24/2019 5:10 AM 1.91 1.25 0.00000 0.00404 
4/24/2019 5:39 AM 1.33 1.25 0.00000 0.00281 







4/24/2019 5:40 AM 4.13 1.25 0.00000 0.00872 
4/24/2019 5:41 AM 3.88 1.25 0.00000 0.00820 
4/24/2019 5:42 AM 12.57 1.25 0.00001 0.02654 
4/24/2019 5:43 AM 5.57 1.25 0.00001 0.01176 
4/24/2019 5:44 AM 88.26 1.25 0.00009 0.18645 
4/24/2019 8:54 AM 6.82 7.60 0.00004 0.08762 
4/24/2019 8:55 AM 2.87 7.60 0.00002 0.03683 
4/24/2019 8:56 AM 3.82 7.60 0.00002 0.04910 
4/24/2019 8:57 AM 2.27 7.60 0.00001 0.02915 
4/24/2019 8:59 AM 1.09 7.60 0.00001 0.01402 
4/24/2019 9:00 AM 20.12 7.60 0.00013 0.25848 
4/24/2019 9:01 AM 13.88 7.60 0.00009 0.17833 
4/24/2019 9:02 AM 1.78 7.60 0.00001 0.02290 
4/24/2019 9:03 AM 7.61 7.60 0.00005 0.09770 
4/24/2019 9:04 AM 9.24 7.60 0.00006 0.11866 
4/24/2019 9:05 AM 18.14 7.60 0.00012 0.23297 
4/24/2019 9:06 AM 4.89 7.60 0.00003 0.06277 
4/24/2019 9:07 AM 6.78 7.60 0.00004 0.08713 
4/24/2019 9:08 AM 15.49 7.60 0.00010 0.19900 
4/24/2019 9:09 AM 6.74 7.60 0.00004 0.08656 
4/24/2019 9:10 AM 12.02 7.60 0.00008 0.15440 
4/24/2019 9:11 AM 4.77 7.60 0.00003 0.06122 
4/24/2019 9:12 AM 14.38 7.60 0.00009 0.18471 
4/24/2019 9:13 AM 9.85 7.60 0.00006 0.12656 
4/24/2019 9:14 AM 9.99 7.60 0.00006 0.12837 
4/24/2019 9:15 AM 0.74 7.60 0.00000 0.00946 
4/24/2019 9:16 AM 8.71 7.60 0.00006 0.11186 
4/24/2019 9:17 AM 52.64 7.60 0.00034 0.67606 
4/24/2019 9:18 AM 10.04 7.60 0.00006 0.12902 
4/24/2019 9:19 AM 9.00 7.60 0.00006 0.11563 
4/24/2019 9:20 AM 15.67 7.60 0.00010 0.20130 
4/24/2019 9:21 AM 2.01 7.60 0.00001 0.02586 
4/24/2019 9:22 AM 2.02 7.60 0.00001 0.02590 
4/24/2019 9:23 AM 16.35 7.60 0.00010 0.20998 
4/24/2019 9:24 AM 13.28 7.60 0.00009 0.17062 
4/24/2019 9:30 AM 2.01 7.60 0.00001 0.02587 
4/24/2019 9:45 AM 12.61 7.60 0.00008 0.16200 
4/24/2019 9:46 AM 17.85 7.60 0.00011 0.22923 
4/24/2019 9:54 AM 42.10 7.60 0.00027 0.54073 
4/24/2019 9:55 AM 10.75 7.60 0.00007 0.13803 


4/24/2019 10:07 AM 29.24 4.40 0.00011 0.21741 
4/24/2019 10:08 AM 25.31 4.40 0.00009 0.18824 
4/24/2019 10:09 AM 9.15 4.40 0.00003 0.06804 
4/24/2019 10:22 AM 3.90 4.40 0.00001 0.02899 
4/24/2019 10:23 AM 47.55 4.40 0.00018 0.35357 
4/24/2019 10:36 AM 1.92 4.40 0.00001 0.01428 
4/24/2019 10:37 AM 4.52 4.40 0.00002 0.03359 
4/24/2019 10:38 AM 0.45 4.40 0.00000 0.00333 
4/24/2019 10:39 AM 2.91 4.40 0.00001 0.02163 







4/24/2019 10:40 AM 10.40 4.40 0.00004 0.07735 
4/24/2019 10:41 AM 13.66 4.40 0.00005 0.10156 
4/24/2019 10:42 AM 12.86 4.40 0.00005 0.09564 
4/24/2019 10:43 AM 113.90 4.40 0.00042 0.84696 
4/24/2019 10:44 AM 17.34 4.40 0.00006 0.12892 
4/24/2019 10:45 AM 7.42 4.40 0.00003 0.05517 
4/24/2019 11:01 AM 0.03 2.87 0.00000 0.00016 
4/24/2019 11:02 AM 37.92 2.87 0.00009 0.18373 
4/24/2019 12:08 PM 234.97 2.87 0.00057 1.13848 
4/24/2019 12:09 PM 470.03 2.87 0.00114 2.27742 
4/24/2019 12:10 PM 224.82 2.87 0.00054 1.08929 
4/24/2019 12:11 PM 52.43 2.87 0.00013 0.25405 
4/24/2019 12:12 PM 48.02 2.87 0.00012 0.23269 
4/24/2019 12:13 PM 47.47 2.87 0.00011 0.23000 
4/24/2019 12:14 PM 36.17 2.87 0.00009 0.17526 
4/24/2019 12:15 PM 1.69 2.39 0.00000 0.00682 
4/24/2019 12:22 PM 0.03 2.39 0.00000 0.00013 
4/24/2019 12:23 PM 58.77 2.39 0.00012 0.23700 
4/24/2019 12:24 PM 3.06 2.39 0.00001 0.01234 
4/24/2019 12:30 PM 30.40 2.39 0.00006 0.12260 
4/24/2019 12:31 PM 44.57 2.39 0.00009 0.17971 
4/24/2019 12:32 PM 67.98 2.39 0.00014 0.27413 
4/24/2019 12:33 PM 65.73 2.39 0.00013 0.26504 
4/24/2019 12:34 PM 69.24 2.39 0.00014 0.27920 
4/24/2019 12:35 PM 48.46 2.39 0.00010 0.19540 
4/24/2019 12:36 PM 55.42 2.39 0.00011 0.22346 
4/24/2019 12:37 PM 45.29 2.39 0.00009 0.18261 
4/24/2019 12:38 PM 35.18 2.39 0.00007 0.14186 
4/24/2019 12:39 PM 40.68 2.39 0.00008 0.16405 
4/24/2019 12:40 PM 38.12 2.39 0.00008 0.15371 
4/24/2019 12:41 PM 40.85 2.39 0.00008 0.16471 
4/24/2019 12:42 PM 43.36 2.39 0.00009 0.17485 
4/24/2019 12:43 PM 34.31 2.39 0.00007 0.13835 
4/24/2019 12:44 PM 21.52 2.39 0.00004 0.08676 
4/24/2019 12:45 PM 64.89 2.39 0.00013 0.26167 
4/24/2019 12:46 PM 39.50 2.39 0.00008 0.15927 
4/24/2019 12:47 PM 52.54 2.39 0.00011 0.21187 
4/24/2019 12:48 PM 60.07 2.39 0.00012 0.24223 
4/24/2019 12:49 PM 38.73 2.39 0.00008 0.15617 
4/24/2019 12:50 PM 26.50 2.39 0.00005 0.10686 
4/24/2019 12:51 PM 36.15 2.39 0.00007 0.14579 
4/24/2019 12:52 PM 44.58 2.39 0.00009 0.17976 
4/24/2019 12:53 PM 35.88 2.39 0.00007 0.14470 
4/24/2019 12:54 PM 36.18 2.39 0.00007 0.14590 
4/24/2019 12:55 PM 45.74 2.39 0.00009 0.18444 
4/24/2019 12:56 PM 51.66 2.39 0.00010 0.20832 
4/24/2019 12:57 PM 49.05 2.39 0.00010 0.19779 
4/24/2019 12:58 PM 53.97 2.39 0.00011 0.21761 
4/24/2019 12:59 PM 67.54 2.39 0.00014 0.27234 







4/24/2019 1:00 PM 60.20 2.39 0.00012 0.24273 
4/24/2019 1:01 PM 58.32 2.39 0.00012 0.23517 
4/24/2019 1:02 PM 93.89 2.39 0.00019 0.37859 
4/24/2019 1:03 PM 99.82 2.39 0.00020 0.40251 
4/24/2019 1:04 PM 59.95 2.39 0.00012 0.24176 
4/24/2019 1:05 PM 83.00 2.39 0.00017 0.33468 
4/24/2019 1:06 PM 89.79 2.39 0.00018 0.36205 
4/24/2019 1:07 PM 47.86 2.39 0.00010 0.19300 
4/24/2019 1:08 PM 110.82 2.39 0.00022 0.44685 
4/24/2019 1:09 PM 101.57 2.39 0.00020 0.40955 
4/24/2019 1:10 PM 70.53 2.39 0.00014 0.28440 
4/24/2019 1:11 PM 63.48 2.39 0.00013 0.25596 
4/24/2019 1:12 PM 47.93 2.39 0.00010 0.19325 
4/24/2019 1:13 PM 28.37 2.39 0.00006 0.11438 
4/24/2019 1:14 PM 61.01 2.39 0.00012 0.24603 
4/24/2019 1:15 PM 46.60 2.39 0.00009 0.18792 
4/24/2019 1:16 PM 53.68 10.90 0.00049 0.98879 
4/24/2019 1:17 PM 48.11 10.90 0.00044 0.88630 
4/24/2019 1:18 PM 56.10 10.90 0.00052 1.03343 
4/24/2019 1:19 PM 25.52 10.90 0.00023 0.47009 
4/24/2019 1:20 PM 21.63 10.90 0.00020 0.39836 
4/24/2019 1:21 PM 31.49 10.90 0.00029 0.58000 
4/24/2019 1:22 PM 43.61 10.90 0.00040 0.80343 
4/24/2019 1:23 PM 43.73 10.90 0.00040 0.80555 
4/24/2019 1:24 PM 48.08 10.90 0.00044 0.88559 
4/24/2019 1:25 PM 68.58 10.90 0.00063 1.26340 
4/24/2019 1:26 PM 79.37 10.90 0.00073 1.46208 
4/24/2019 1:27 PM 150.51 10.90 0.00138 2.77257 
4/24/2019 1:28 PM 158.66 10.90 0.00146 2.92261 
4/24/2019 1:29 PM 171.28 10.90 0.00158 3.15510 
4/24/2019 1:30 PM 149.09 10.90 0.00137 2.74641 
4/24/2019 1:31 PM 180.22 10.90 0.00166 3.31978 
4/24/2019 1:32 PM 112.51 10.90 0.00104 2.07250 
4/24/2019 1:33 PM 72.76 10.90 0.00067 1.34025 
4/24/2019 1:34 PM 55.56 10.90 0.00051 1.02352 
4/24/2019 1:35 PM 145.39 10.90 0.00134 2.67829 
4/24/2019 1:36 PM 213.82 10.90 0.00197 3.93875 
4/24/2019 1:37 PM 109.69 0.92 0.00009 0.17054 
4/24/2019 1:38 PM 93.96 0.92 0.00007 0.14609 
4/24/2019 1:39 PM 51.64 0.92 0.00004 0.08029 
4/24/2019 1:40 PM 47.41 0.92 0.00004 0.07371 
4/24/2019 1:41 PM 49.17 0.92 0.00004 0.07646 
4/24/2019 1:42 PM 46.10 0.92 0.00004 0.07168 
4/24/2019 1:43 PM 38.92 0.92 0.00003 0.06052 
4/24/2019 1:44 PM 29.49 0.92 0.00002 0.04585 
4/24/2019 1:45 PM 27.02 0.92 0.00002 0.04201 
4/24/2019 1:46 PM 32.59 0.92 0.00003 0.05066 
4/24/2019 1:47 PM 37.39 0.92 0.00003 0.05813 
4/24/2019 1:48 PM 45.16 0.92 0.00004 0.07022 







4/24/2019 1:49 PM 40.79 0.92 0.00003 0.06342 
4/24/2019 1:50 PM 2.62 0.92 0.00000 0.00407 
4/24/2019 2:25 PM 12.07 0.92 0.00001 0.01877 
4/24/2019 2:26 PM 11.96 0.92 0.00001 0.01860 
4/24/2019 2:27 PM 4.08 6.26 0.00002 0.04320 
4/24/2019 2:28 PM 3.54 6.26 0.00002 0.03745 
4/24/2019 2:29 PM 45.85 6.26 0.00024 0.48508 
4/24/2019 2:30 PM 6.20 6.26 0.00003 0.06562 
4/24/2019 2:31 PM 1.36 6.26 0.00001 0.01441 
4/24/2019 2:32 PM 17.92 6.26 0.00009 0.18955 
4/24/2019 2:33 PM 28.25 6.26 0.00015 0.29892 
4/24/2019 2:34 PM 24.36 6.26 0.00013 0.25768 
4/24/2019 2:35 PM 21.86 6.26 0.00012 0.23125 
4/24/2019 2:36 PM 20.86 6.26 0.00011 0.22067 


4/25/2019 11:35 AM 50.55 0.02 0.00000 0.00171 
4/25/2019 11:36 AM 75.27 0.02 0.00000 0.00254 
4/25/2019 11:37 AM 0.54 0.02 0.00000 0.00002 
4/25/2019 11:42 AM 35.16 0.02 0.00000 0.00119 
4/25/2019 11:43 AM 43.70 0.02 0.00000 0.00148 
4/25/2019 11:58 PM 68.78 3.76 0.00022 0.43702 
4/25/2019 11:59 PM 29.56 3.76 0.00009 0.18785 
4/26/2019 12:04 AM 84.41 3.76 0.00027 0.53635 
4/26/2019 12:05 AM 131.89 3.76 0.00042 0.83809 
4/26/2019 12:06 AM 22.62 3.76 0.00007 0.14371 
4/26/2019 7:21 AM 0.69 10.06 0.00001 0.01165 
4/26/2019 7:22 AM 574.95 10.06 0.00488 9.77488 
4/26/2019 7:23 AM 459.73 10.06 0.00390 7.81609 
4/26/2019 7:24 AM 40.42 10.06 0.00034 0.68715 


4/26/2019 10:46 AM 1217.20 8.60 0.00883 17.69076 
4/26/2019 10:47 AM 450.16 8.60 0.00327 6.54269 
4/26/2019 11:00 AM 147.83 8.60 0.00107 2.14861 
4/26/2019 11:01 AM 986.31 8.60 0.00716 14.33509 
4/26/2019 11:02 AM 1179.00 8.60 0.00856 17.13555 
4/26/2019 11:03 AM 1171.28 8.60 0.00850 17.02334 
4/26/2019 11:04 AM 1051.63 8.60 0.00763 15.28443 
4/26/2019 11:05 AM 999.90 8.60 0.00726 14.53260 
4/26/2019 11:06 AM 987.53 8.60 0.00717 14.35270 
4/26/2019 11:07 AM 989.53 8.60 0.00718 14.38177 
4/26/2019 11:08 AM 1016.04 8.60 0.00737 14.76716 
4/26/2019 11:09 AM 1046.20 8.60 0.00759 15.20549 
4/26/2019 11:10 AM 999.10 8.60 0.00725 14.52098 
4/26/2019 11:11 AM 927.26 8.60 0.00673 13.47682 
4/26/2019 11:12 AM 844.01 8.60 0.00613 12.26678 
4/26/2019 11:13 AM 821.99 8.60 0.00597 11.94679 
4/26/2019 11:14 AM 928.49 8.60 0.00674 13.49464 
4/26/2019 11:15 AM 934.40 8.60 0.00678 13.58057 
4/26/2019 11:16 AM 882.71 8.60 0.00641 12.82934 
4/26/2019 11:17 AM 866.89 8.60 0.00629 12.59941 
4/26/2019 11:18 AM 817.97 8.60 0.00594 11.88844 







4/26/2019 11:19 AM 540.91 8.60 0.00393 7.86153 
4/26/2019 11:20 AM 398.97 8.60 0.00290 5.79868 
4/26/2019 11:21 AM 380.64 8.60 0.00276 5.53222 
4/26/2019 11:22 AM 321.52 8.60 0.00233 4.67303 
4/26/2019 11:23 AM 144.25 8.60 0.00105 2.09655 
4/26/2019 4:08 PM 214.63 8.54 0.00155 3.09842 
4/26/2019 4:09 PM 639.34 8.54 0.00461 9.22948 
4/26/2019 4:10 PM 1891.19 8.54 0.01363 27.30115 
4/26/2019 4:11 PM 8442.63 8.54 0.06087 121.87771 
4/26/2019 4:12 PM 11368.85 8.54 0.08196 164.12049 
4/26/2019 4:13 PM 11359.84 8.54 0.08190 163.99040 
4/26/2019 4:14 PM 5099.30 8.54 0.03676 73.61343 
4/26/2019 4:15 PM 1491.89 8.54 0.01076 21.53692 
4/26/2019 4:16 PM 711.13 8.54 0.00513 10.26587 
4/26/2019 4:17 PM 308.35 8.54 0.00222 4.45128 
4/26/2019 4:18 PM 129.15 8.54 0.00093 1.86442 
4/26/2019 4:19 PM 84.74 8.54 0.00061 1.22327 
4/26/2019 4:20 PM 55.36 8.54 0.00040 0.79923 
4/26/2019 4:21 PM 44.08 8.54 0.00032 0.63636 
4/26/2019 4:22 PM 22.95 8.54 0.00017 0.33125 
4/26/2019 4:23 PM 0.03 8.54 0.00000 0.00039 
4/26/2019 4:24 PM 8.26 8.54 0.00006 0.11927 
4/26/2019 4:25 PM 7.43 8.54 0.00005 0.10721 
4/26/2019 4:26 PM 11.91 8.54 0.00009 0.17194 
4/26/2019 4:27 PM 17.79 8.54 0.00013 0.25685 
4/26/2019 4:28 PM 0.10 8.54 0.00000 0.00151 


 
 


High Pressure Flare (SN-822) 


Date/Time 
Flare Volumetric Flow 


H2S 
Content 


Amount of 
SO2 


Emission 
Rate 


scfm % tons/min lb SO2/min 


Source of Data: PI Lab Calculation Calculation 


4/23/2019 12:44 AM 69.18 0.21 0.00001 0.02455 
4/23/2019 12:45 AM 47.24 0.21 0.00001 0.01676 
4/23/2019 12:46 AM 72.14 0.21 0.00001 0.02560 
4/23/2019 12:47 AM 52.18 0.21 0.00001 0.01852 
4/23/2019 12:48 AM 58.21 0.21 0.00001 0.02066 
4/23/2019 12:49 AM 45.84 0.21 0.00001 0.01627 
4/23/2019 12:50 AM 13.17 0.21 0.00000 0.00467 
4/23/2019 12:51 AM 25.95 0.21 0.00000 0.00921 
4/23/2019 12:52 AM 24.51 0.21 0.00000 0.00870 
4/23/2019 12:53 AM 10.13 0.21 0.00000 0.00359 
4/23/2019 1:25 AM 102.91 1.03 0.00009 0.17913 
4/23/2019 1:26 AM 338.27 1.03 0.00029 0.58883 
4/23/2019 1:27 AM 258.82 1.03 0.00022 0.45053 
4/23/2019 1:28 AM 215.16 1.03 0.00019 0.37453 







4/23/2019 1:29 AM 258.77 1.03 0.00022 0.45045 
4/23/2019 1:30 AM 200.29 1.03 0.00017 0.34865 
4/23/2019 1:31 AM 226.07 1.03 0.00020 0.39352 
4/23/2019 1:32 AM 156.29 1.03 0.00014 0.27206 
4/23/2019 1:33 AM 180.25 1.03 0.00016 0.31376 
4/23/2019 1:34 AM 218.16 1.03 0.00019 0.37975 
4/23/2019 1:35 AM 172.79 1.03 0.00015 0.30078 
4/23/2019 1:36 AM 230.81 1.03 0.00020 0.40176 
4/23/2019 1:37 AM 181.66 1.03 0.00016 0.31622 
4/23/2019 1:38 AM 185.16 1.03 0.00016 0.32230 
4/23/2019 1:39 AM 128.22 1.03 0.00011 0.22319 
4/23/2019 1:40 AM 184.38 1.03 0.00016 0.32094 
4/23/2019 1:41 AM 201.89 1.03 0.00018 0.35142 
4/23/2019 1:42 AM 206.58 1.03 0.00018 0.35960 
4/23/2019 1:43 AM 230.72 1.03 0.00020 0.40161 
4/23/2019 1:44 AM 193.22 1.03 0.00017 0.33634 
4/23/2019 1:45 AM 135.80 1.03 0.00012 0.23639 
4/23/2019 1:46 AM 149.50 1.03 0.00013 0.26023 
4/23/2019 1:47 AM 223.88 1.03 0.00019 0.38972 
4/23/2019 1:48 AM 197.76 1.03 0.00017 0.34423 
4/23/2019 1:49 AM 212.16 1.03 0.00018 0.36931 
4/23/2019 1:50 AM 179.90 1.03 0.00016 0.31315 
4/23/2019 1:51 AM 179.24 1.03 0.00016 0.31200 
4/23/2019 1:52 AM 184.26 1.03 0.00016 0.32073 
4/23/2019 1:53 AM 227.97 1.03 0.00020 0.39682 
4/23/2019 1:54 AM 215.93 1.03 0.00019 0.37587 
4/23/2019 1:55 AM 176.66 1.03 0.00015 0.30751 
4/23/2019 1:56 AM 218.77 1.03 0.00019 0.38082 
4/23/2019 1:57 AM 202.80 1.03 0.00018 0.35301 
4/23/2019 1:58 AM 559.34 1.03 0.00049 0.97364 
4/23/2019 1:59 AM 545.21 1.03 0.00047 0.94905 
4/23/2019 2:00 AM 725.00 1.03 0.00063 1.26201 
4/23/2019 2:01 AM 239.54 1.03 0.00021 0.41697 
4/23/2019 2:02 AM 173.09 1.03 0.00015 0.30130 
4/23/2019 2:03 AM 127.72 1.03 0.00011 0.22233 
4/23/2019 2:04 AM 177.41 1.03 0.00015 0.30882 
4/23/2019 2:05 AM 198.14 1.03 0.00017 0.34490 
4/23/2019 2:06 AM 205.29 1.03 0.00018 0.35735 
4/23/2019 2:07 AM 219.18 1.03 0.00019 0.38153 
4/23/2019 2:08 AM 247.92 1.03 0.00022 0.43156 
4/23/2019 2:09 AM 284.35 1.03 0.00025 0.49497 
4/23/2019 2:10 AM 228.06 1.03 0.00020 0.39698 
4/23/2019 2:11 AM 230.03 1.03 0.00020 0.40041 
4/23/2019 2:12 AM 152.32 1.03 0.00013 0.26515 
4/23/2019 2:13 AM 168.63 1.03 0.00015 0.29353 
4/23/2019 2:14 AM 189.33 1.03 0.00016 0.32956 
4/23/2019 2:15 AM 171.15 1.03 0.00015 0.29792 







4/23/2019 2:16 AM 204.03 1.03 0.00018 0.35516 
4/23/2019 2:17 AM 181.34 1.03 0.00016 0.31566 
4/23/2019 2:18 AM 167.51 1.03 0.00015 0.29158 
4/23/2019 2:19 AM 229.85 1.03 0.00020 0.40010 
4/23/2019 2:20 AM 235.12 1.03 0.00020 0.40927 
4/23/2019 2:21 AM 234.11 1.03 0.00020 0.40752 
4/23/2019 2:22 AM 188.78 1.03 0.00016 0.32860 
4/23/2019 2:23 AM 220.16 1.03 0.00019 0.38323 
4/23/2019 2:24 AM 111.67 1.03 0.00010 0.19438 
4/23/2019 2:25 AM 224.55 1.03 0.00020 0.39088 
4/23/2019 2:26 AM 223.73 1.03 0.00019 0.38945 
4/23/2019 2:27 AM 205.66 1.03 0.00018 0.35799 
4/23/2019 2:28 AM 193.57 1.03 0.00017 0.33695 
4/23/2019 2:29 AM 170.55 1.03 0.00015 0.29687 
4/23/2019 2:30 AM 274.21 1.03 0.00024 0.47732 
4/23/2019 2:31 AM 291.85 1.03 0.00025 0.50803 
4/23/2019 2:32 AM 266.42 1.03 0.00023 0.46376 
4/23/2019 2:33 AM 337.14 1.03 0.00029 0.58686 
4/23/2019 2:34 AM 186.99 1.03 0.00016 0.32550 
4/23/2019 2:35 AM 154.92 1.03 0.00013 0.26967 
4/23/2019 2:36 AM 150.93 1.03 0.00013 0.26272 
4/23/2019 2:37 AM 185.56 1.03 0.00016 0.32300 
4/23/2019 2:38 AM 165.75 1.03 0.00014 0.28853 
4/23/2019 2:39 AM 160.63 1.03 0.00014 0.27961 
4/23/2019 2:40 AM 117.61 1.03 0.00010 0.20472 
4/23/2019 2:41 AM 239.16 1.03 0.00021 0.41631 
4/23/2019 2:42 AM 240.50 1.03 0.00021 0.41865 
4/23/2019 2:43 AM 243.12 1.03 0.00021 0.42320 
4/23/2019 2:44 AM 154.44 1.03 0.00013 0.26883 
4/23/2019 2:45 AM 196.31 1.03 0.00017 0.34171 
4/23/2019 2:46 AM 157.21 1.03 0.00014 0.27366 
4/23/2019 2:47 AM 175.45 1.03 0.00015 0.30540 
4/23/2019 2:48 AM 183.36 1.03 0.00016 0.31918 
4/23/2019 2:49 AM 227.57 1.03 0.00020 0.39614 
4/23/2019 2:50 AM 269.20 1.03 0.00023 0.46859 
4/23/2019 2:51 AM 250.08 1.03 0.00022 0.43532 
4/23/2019 2:52 AM 1079.70 1.03 0.00094 1.87943 
4/23/2019 2:53 AM 1274.12 1.03 0.00111 2.21787 
4/23/2019 2:57 AM 154.54 1.03 0.00013 0.26901 
4/23/2019 2:58 AM 62.01 1.03 0.00005 0.10793 
4/23/2019 2:59 AM 115.63 1.03 0.00010 0.20127 
4/23/2019 3:00 AM 197.40 1.05 0.00017 0.35029 
4/23/2019 3:01 AM 155.91 1.05 0.00014 0.27666 
4/23/2019 3:02 AM 65.87 1.05 0.00006 0.11688 
4/23/2019 3:03 AM 54.59 1.05 0.00005 0.09687 
4/23/2019 3:04 AM 46.61 1.05 0.00004 0.08272 
4/23/2019 3:05 AM 30.32 1.05 0.00003 0.05380 







4/23/2019 3:06 AM 131.45 1.05 0.00012 0.23326 
4/23/2019 3:07 AM 323.36 1.05 0.00029 0.57380 
4/23/2019 3:08 AM 427.82 1.05 0.00038 0.75917 
4/23/2019 3:09 AM 120.04 1.05 0.00011 0.21301 
4/23/2019 3:10 AM 183.76 1.05 0.00016 0.32609 
4/23/2019 3:11 AM 234.39 1.05 0.00021 0.41593 
4/23/2019 3:12 AM 148.99 1.05 0.00013 0.26439 
4/23/2019 3:13 AM 14.25 1.05 0.00001 0.02528 
4/23/2019 3:14 AM 158.25 1.05 0.00014 0.28081 
4/23/2019 3:15 AM 162.32 1.05 0.00014 0.28804 
4/23/2019 3:16 AM 118.16 1.05 0.00010 0.20967 
4/23/2019 3:17 AM 141.72 1.05 0.00013 0.25149 
4/23/2019 3:18 AM 139.77 1.05 0.00012 0.24802 
4/23/2019 3:19 AM 194.74 1.05 0.00017 0.34557 
4/23/2019 3:20 AM 191.50 1.05 0.00017 0.33982 
4/23/2019 3:21 AM 201.60 1.05 0.00018 0.35774 
4/23/2019 3:22 AM 189.29 1.05 0.00017 0.33589 
4/23/2019 3:23 AM 170.46 1.05 0.00015 0.30248 
4/23/2019 3:24 AM 160.90 1.05 0.00014 0.28552 
4/23/2019 3:25 AM 190.40 1.05 0.00017 0.33786 
4/23/2019 3:26 AM 202.19 1.05 0.00018 0.35879 
4/23/2019 3:27 AM 221.30 1.05 0.00020 0.39269 
4/23/2019 3:28 AM 252.92 1.05 0.00022 0.44882 
4/23/2019 3:29 AM 222.97 1.05 0.00020 0.39567 
4/23/2019 3:30 AM 272.24 1.05 0.00024 0.48309 
4/23/2019 3:31 AM 237.86 1.05 0.00021 0.42208 
4/23/2019 3:32 AM 214.47 1.05 0.00019 0.38058 
4/23/2019 3:33 AM 184.57 1.05 0.00016 0.32753 
4/23/2019 3:34 AM 127.22 1.05 0.00011 0.22576 
4/23/2019 3:35 AM 142.74 1.05 0.00013 0.25330 
4/23/2019 3:36 AM 146.69 1.05 0.00013 0.26031 
4/23/2019 3:37 AM 198.63 1.05 0.00018 0.35247 
4/23/2019 3:38 AM 178.92 1.05 0.00016 0.31750 
4/23/2019 3:39 AM 188.19 1.05 0.00017 0.33395 
4/23/2019 3:40 AM 174.04 1.05 0.00015 0.30884 
4/23/2019 3:41 AM 180.67 1.05 0.00016 0.32060 
4/23/2019 3:42 AM 165.81 1.05 0.00015 0.29423 
4/23/2019 3:43 AM 160.84 1.05 0.00014 0.28542 
4/23/2019 3:44 AM 208.91 1.05 0.00019 0.37072 
4/23/2019 3:45 AM 191.99 1.05 0.00017 0.34069 
4/23/2019 3:46 AM 204.32 1.05 0.00018 0.36257 
4/23/2019 3:47 AM 201.67 1.05 0.00018 0.35787 
4/23/2019 3:48 AM 184.24 1.05 0.00016 0.32693 
4/23/2019 3:49 AM 186.05 1.05 0.00016 0.33014 
4/23/2019 3:50 AM 204.37 1.05 0.00018 0.36265 
4/23/2019 3:51 AM 291.85 1.05 0.00026 0.51788 
4/23/2019 3:52 AM 218.53 1.05 0.00019 0.38777 







4/23/2019 3:53 AM 201.96 1.05 0.00018 0.35838 
4/23/2019 3:54 AM 190.10 1.05 0.00017 0.33733 
4/23/2019 3:55 AM 257.78 1.05 0.00023 0.45743 
4/23/2019 3:56 AM 312.52 1.05 0.00028 0.55456 
4/23/2019 3:57 AM 1975.16 1.05 0.00175 3.50493 
4/23/2019 3:58 AM 2317.51 1.05 0.00205 4.11243 
4/23/2019 3:59 AM 1812.06 1.05 0.00161 3.21549 
4/23/2019 4:00 AM 1577.47 1.12 0.00149 2.98583 
4/23/2019 4:01 AM 974.63 1.12 0.00092 1.84479 
4/23/2019 4:02 AM 379.92 1.12 0.00036 0.71911 
4/23/2019 4:03 AM 175.38 1.12 0.00017 0.33196 
4/23/2019 4:04 AM 140.55 1.12 0.00013 0.26603 
4/23/2019 4:05 AM 141.78 1.12 0.00013 0.26835 
4/23/2019 4:06 AM 392.55 1.12 0.00037 0.74303 
4/23/2019 4:07 AM 1252.58 1.12 0.00118 2.37088 
4/23/2019 4:08 AM 1051.80 1.12 0.00099 1.99084 
4/23/2019 4:09 AM 172.77 1.12 0.00016 0.32702 
4/23/2019 4:10 AM 329.20 1.12 0.00031 0.62311 
4/23/2019 4:11 AM 140.37 1.12 0.00013 0.26569 
4/23/2019 4:12 AM 86.44 1.12 0.00008 0.16361 
4/23/2019 4:13 AM 80.19 1.12 0.00008 0.15178 
4/23/2019 4:14 AM 113.62 1.12 0.00011 0.21506 
4/23/2019 4:15 AM 87.25 1.12 0.00008 0.16515 
4/23/2019 4:16 AM 105.00 1.12 0.00010 0.19874 
4/23/2019 4:17 AM 229.10 1.12 0.00022 0.43365 
4/23/2019 4:18 AM 83.26 1.12 0.00008 0.15760 
4/23/2019 4:19 AM 166.82 1.12 0.00016 0.31576 
4/23/2019 4:20 AM 323.16 1.12 0.00031 0.61168 
4/23/2019 4:21 AM 158.25 1.12 0.00015 0.29954 
4/23/2019 4:22 AM 94.42 1.12 0.00009 0.17872 
4/23/2019 4:23 AM 116.06 1.12 0.00011 0.21968 
4/23/2019 4:24 AM 138.95 1.12 0.00013 0.26300 
4/23/2019 4:25 AM 250.72 1.12 0.00024 0.47456 
4/23/2019 4:26 AM 864.50 1.12 0.00082 1.63632 
4/23/2019 4:27 AM 1224.11 1.12 0.00116 2.31699 
4/23/2019 4:28 AM 1186.02 1.12 0.00112 2.24490 
4/23/2019 4:29 AM 1180.29 1.12 0.00112 2.23406 
4/23/2019 4:30 AM 771.08 1.12 0.00073 1.45950 
4/23/2019 4:31 AM 835.47 1.12 0.00079 1.58138 
4/23/2019 4:32 AM 480.42 1.12 0.00045 0.90934 
4/23/2019 4:33 AM 179.54 1.12 0.00017 0.33984 
4/23/2019 4:34 AM 123.77 1.12 0.00012 0.23427 
4/23/2019 4:35 AM 337.19 1.12 0.00032 0.63824 
4/23/2019 4:36 AM 136.21 1.12 0.00013 0.25783 
4/23/2019 4:37 AM 141.42 1.12 0.00013 0.26768 
4/23/2019 4:38 AM 123.63 1.12 0.00012 0.23400 
4/23/2019 4:39 AM 98.58 1.12 0.00009 0.18659 







4/23/2019 4:40 AM 314.87 1.12 0.00030 0.59599 
4/23/2019 4:41 AM 293.26 1.12 0.00028 0.55508 
4/23/2019 4:42 AM 237.56 1.12 0.00022 0.44966 
4/23/2019 4:43 AM 280.59 1.12 0.00027 0.53109 
4/23/2019 4:44 AM 313.13 1.12 0.00030 0.59269 
4/23/2019 4:45 AM 211.66 1.12 0.00020 0.40062 
4/23/2019 4:46 AM 154.66 1.12 0.00015 0.29274 
4/23/2019 4:47 AM 190.88 1.12 0.00018 0.36129 
4/23/2019 4:48 AM 234.31 1.12 0.00022 0.44351 
4/23/2019 4:49 AM 273.42 1.12 0.00026 0.51753 
4/23/2019 4:50 AM 269.16 1.12 0.00025 0.50947 
4/23/2019 4:51 AM 261.54 1.12 0.00025 0.49504 
4/23/2019 4:52 AM 257.84 1.12 0.00024 0.48803 
4/23/2019 4:53 AM 263.13 1.12 0.00025 0.49805 
4/23/2019 4:54 AM 233.91 1.12 0.00022 0.44274 
4/23/2019 4:55 AM 252.58 1.12 0.00024 0.47808 
4/23/2019 4:56 AM 236.36 1.12 0.00022 0.44738 
4/23/2019 4:57 AM 299.42 1.12 0.00028 0.56675 
4/23/2019 4:58 AM 292.94 1.12 0.00028 0.55447 
4/23/2019 4:59 AM 267.34 1.12 0.00025 0.50602 
4/23/2019 5:00 AM 294.19 1.12 0.00028 0.55684 
4/23/2019 5:01 AM 358.46 1.12 0.00034 0.67850 
4/23/2019 5:02 AM 336.19 1.12 0.00032 0.63635 
4/23/2019 5:03 AM 166.60 1.12 0.00016 0.31534 
4/23/2019 5:04 AM 111.51 1.12 0.00011 0.21107 
4/23/2019 5:05 AM 253.10 1.12 0.00024 0.47906 
4/23/2019 5:06 AM 343.96 1.12 0.00033 0.65104 
4/23/2019 5:07 AM 291.21 1.12 0.00028 0.55120 
4/23/2019 5:08 AM 216.37 1.12 0.00020 0.40955 
4/23/2019 5:09 AM 129.08 1.12 0.00012 0.24432 
4/23/2019 5:10 AM 201.62 1.12 0.00019 0.38162 
4/23/2019 5:11 AM 322.71 1.12 0.00031 0.61082 
4/23/2019 5:12 AM 65.24 1.12 0.00006 0.12349 
4/23/2019 5:13 AM 154.82 1.12 0.00015 0.29304 
4/23/2019 5:14 AM 314.89 1.12 0.00030 0.59602 
4/23/2019 5:15 AM 296.31 1.12 0.00028 0.56086 
4/23/2019 5:16 AM 286.74 1.12 0.00027 0.54274 
4/23/2019 5:17 AM 320.10 1.12 0.00030 0.60588 
4/23/2019 5:18 AM 255.11 1.12 0.00024 0.48287 
4/23/2019 5:19 AM 174.40 1.12 0.00016 0.33011 
4/23/2019 5:20 AM 271.21 1.12 0.00026 0.51334 
4/23/2019 5:21 AM 281.48 1.12 0.00027 0.53279 
4/23/2019 5:22 AM 294.99 1.12 0.00028 0.55835 
4/23/2019 5:23 AM 328.38 1.12 0.00031 0.62157 
4/23/2019 5:24 AM 302.28 1.12 0.00029 0.57216 
4/23/2019 5:25 AM 229.72 1.12 0.00022 0.43481 
4/23/2019 5:26 AM 240.31 1.12 0.00023 0.45487 







4/23/2019 5:27 AM 274.64 1.12 0.00026 0.51984 
4/23/2019 5:28 AM 193.99 1.12 0.00018 0.36719 
4/23/2019 5:29 AM 269.06 1.12 0.00025 0.50928 
4/23/2019 5:30 AM 239.35 1.12 0.00023 0.45304 
4/23/2019 5:31 AM 219.71 0.46 0.00008 0.17006 
4/23/2019 5:32 AM 293.85 0.46 0.00011 0.22745 
4/23/2019 5:33 AM 282.67 0.46 0.00011 0.21880 
4/23/2019 5:34 AM 285.00 0.46 0.00011 0.22059 
4/23/2019 5:35 AM 200.60 0.46 0.00008 0.15527 
4/23/2019 5:36 AM 189.40 0.46 0.00007 0.14660 
4/23/2019 5:37 AM 152.60 0.46 0.00006 0.11811 
4/23/2019 5:38 AM 228.56 0.46 0.00009 0.17691 
4/23/2019 5:39 AM 214.77 0.46 0.00008 0.16623 
4/23/2019 5:40 AM 204.49 0.46 0.00008 0.15828 
4/23/2019 5:41 AM 317.62 0.46 0.00012 0.24584 
4/23/2019 5:42 AM 264.77 0.46 0.00010 0.20494 
4/23/2019 5:43 AM 281.00 0.46 0.00011 0.21750 
4/23/2019 5:44 AM 243.22 0.46 0.00009 0.18826 
4/23/2019 5:45 AM 160.82 0.46 0.00006 0.12448 
4/23/2019 5:46 AM 264.51 0.46 0.00010 0.20474 
4/23/2019 5:47 AM 362.76 0.46 0.00014 0.28078 
4/23/2019 5:48 AM 280.59 0.46 0.00011 0.21718 
4/23/2019 5:49 AM 293.01 0.46 0.00011 0.22680 
4/23/2019 5:50 AM 191.22 0.46 0.00007 0.14800 
4/23/2019 5:51 AM 7.89 0.46 0.00000 0.00610 
4/23/2019 5:52 AM 280.72 0.46 0.00011 0.21728 
4/23/2019 5:53 AM 249.30 0.46 0.00010 0.19297 
4/23/2019 5:54 AM 186.29 0.46 0.00007 0.14419 
4/23/2019 5:55 AM 171.19 0.46 0.00007 0.13251 
4/23/2019 5:56 AM 65.88 0.46 0.00003 0.05099 
4/23/2019 5:57 AM 0.95 0.46 0.00000 0.00074 
4/23/2019 5:58 AM 153.86 0.46 0.00006 0.11909 
4/23/2019 5:59 AM 77.49 0.46 0.00003 0.05998 
4/23/2019 6:00 AM 108.05 0.46 0.00004 0.08364 
4/23/2019 6:01 AM 241.60 0.46 0.00009 0.18700 
4/23/2019 6:02 AM 231.00 0.46 0.00009 0.17880 
4/23/2019 6:03 AM 14.84 0.46 0.00001 0.01149 
4/23/2019 6:04 AM 166.18 0.46 0.00006 0.12863 
4/23/2019 6:05 AM 257.11 0.46 0.00010 0.19901 
4/23/2019 6:06 AM 218.57 0.46 0.00008 0.16918 
4/23/2019 6:07 AM 278.77 0.46 0.00011 0.21578 
4/23/2019 6:08 AM 258.74 0.46 0.00010 0.20027 
4/23/2019 6:09 AM 255.38 0.46 0.00010 0.19767 
4/23/2019 6:10 AM 190.69 0.46 0.00007 0.14760 
4/23/2019 6:11 AM 313.06 0.46 0.00012 0.24231 
4/23/2019 6:12 AM 199.39 0.46 0.00008 0.15433 
4/23/2019 6:13 AM 351.91 0.46 0.00014 0.27238 







4/23/2019 6:14 AM 681.13 0.46 0.00026 0.52721 
4/23/2019 6:15 AM 509.39 0.46 0.00020 0.39428 
4/23/2019 6:16 AM 445.68 0.46 0.00017 0.34496 
4/23/2019 6:17 AM 174.03 0.46 0.00007 0.13470 
4/23/2019 6:18 AM 667.20 0.46 0.00026 0.51642 
4/23/2019 6:19 AM 395.45 0.46 0.00015 0.30608 
4/23/2019 6:20 AM 1.53 0.46 0.00000 0.00119 
4/23/2019 6:21 AM 57.48 0.46 0.00002 0.04449 
4/23/2019 6:22 AM 23.62 0.46 0.00001 0.01828 
4/23/2019 6:23 AM 11.43 0.46 0.00000 0.00884 
4/23/2019 6:24 AM 61.82 0.46 0.00002 0.04785 
4/23/2019 6:25 AM 122.37 0.46 0.00005 0.09471 
4/23/2019 6:26 AM 168.66 0.46 0.00007 0.13055 
4/23/2019 6:27 AM 252.14 0.46 0.00010 0.19516 
4/23/2019 6:28 AM 278.53 0.46 0.00011 0.21559 
4/23/2019 6:29 AM 256.52 0.46 0.00010 0.19855 
4/23/2019 6:30 AM 307.01 0.46 0.00012 0.23763 
4/23/2019 6:31 AM 276.02 0.60 0.00014 0.28082 
4/23/2019 6:32 AM 263.77 0.60 0.00013 0.26836 
4/23/2019 6:33 AM 299.44 0.60 0.00015 0.30464 
4/23/2019 6:34 AM 312.02 0.60 0.00016 0.31744 
4/23/2019 6:35 AM 341.37 0.60 0.00017 0.34730 
4/23/2019 6:36 AM 347.20 0.60 0.00018 0.35323 
4/23/2019 6:37 AM 302.24 0.60 0.00015 0.30749 
4/23/2019 6:38 AM 347.11 0.60 0.00018 0.35315 
4/23/2019 6:39 AM 302.64 0.60 0.00015 0.30790 
4/23/2019 6:40 AM 265.71 0.60 0.00014 0.27033 
4/23/2019 6:41 AM 256.23 0.60 0.00013 0.26068 
4/23/2019 6:42 AM 234.84 0.60 0.00012 0.23892 
4/23/2019 6:43 AM 264.98 0.60 0.00013 0.26958 
4/23/2019 6:44 AM 313.91 0.60 0.00016 0.31937 
4/23/2019 6:45 AM 293.89 0.60 0.00015 0.29899 
4/23/2019 6:46 AM 89.42 0.60 0.00005 0.09098 
4/23/2019 6:47 AM 62.39 0.60 0.00003 0.06348 
4/23/2019 6:48 AM 128.77 0.60 0.00007 0.13101 
4/23/2019 6:49 AM 645.70 0.60 0.00033 0.65692 
4/23/2019 6:50 AM 297.79 0.60 0.00015 0.30296 
4/23/2019 6:51 AM 290.20 0.60 0.00015 0.29525 
4/23/2019 6:52 AM 342.99 0.60 0.00017 0.34895 
4/23/2019 6:53 AM 334.68 0.60 0.00017 0.34050 
4/23/2019 6:54 AM 406.49 0.60 0.00021 0.41356 
4/23/2019 6:55 AM 351.95 0.60 0.00018 0.35806 
4/23/2019 6:56 AM 315.89 0.60 0.00016 0.32138 
4/23/2019 6:57 AM 359.54 0.60 0.00018 0.36579 
4/23/2019 6:58 AM 350.30 0.60 0.00018 0.35639 
4/23/2019 6:59 AM 331.79 0.60 0.00017 0.33755 
4/23/2019 7:00 AM 393.95 0.60 0.00020 0.40079 







4/23/2019 7:01 AM 417.25 0.60 0.00021 0.42450 
4/23/2019 7:02 AM 463.43 0.60 0.00024 0.47148 
4/23/2019 7:03 AM 468.47 0.60 0.00024 0.47661 
4/23/2019 7:04 AM 439.87 0.60 0.00022 0.44751 
4/23/2019 7:05 AM 339.17 0.60 0.00017 0.34506 
4/23/2019 7:06 AM 360.52 0.60 0.00018 0.36679 
4/23/2019 7:07 AM 391.00 0.60 0.00020 0.39780 
4/23/2019 7:08 AM 435.45 0.60 0.00022 0.44302 
4/23/2019 7:09 AM 431.80 0.60 0.00022 0.43930 
4/23/2019 7:10 AM 388.84 0.60 0.00020 0.39560 
4/23/2019 7:11 AM 376.57 0.60 0.00019 0.38312 
4/23/2019 7:12 AM 414.77 0.60 0.00021 0.42198 
4/23/2019 7:13 AM 440.33 0.60 0.00022 0.44798 
4/23/2019 7:14 AM 443.22 0.60 0.00023 0.45093 
4/23/2019 7:15 AM 438.42 0.60 0.00022 0.44604 
4/23/2019 7:16 AM 405.47 0.60 0.00021 0.41252 
4/23/2019 7:17 AM 476.05 0.60 0.00024 0.48433 
4/23/2019 7:18 AM 444.56 0.60 0.00023 0.45228 
4/23/2019 7:19 AM 512.37 0.60 0.00026 0.52128 
4/23/2019 7:20 AM 504.22 0.60 0.00026 0.51298 
4/23/2019 7:21 AM 445.04 0.60 0.00023 0.45278 
4/23/2019 7:22 AM 372.39 0.60 0.00019 0.37887 
4/23/2019 7:23 AM 343.72 0.60 0.00017 0.34969 
4/23/2019 7:24 AM 321.74 0.60 0.00016 0.32733 
4/23/2019 7:25 AM 324.44 0.60 0.00016 0.33008 
4/23/2019 7:26 AM 302.37 0.60 0.00015 0.30763 
4/23/2019 7:27 AM 316.61 0.60 0.00016 0.32211 
4/23/2019 7:28 AM 419.16 0.60 0.00021 0.42645 
4/23/2019 7:29 AM 330.52 0.60 0.00017 0.33627 
4/23/2019 7:30 AM 329.90 0.60 0.00017 0.33563 
4/23/2019 7:31 AM 339.26 0.29 0.00008 0.16455 
4/23/2019 7:32 AM 320.85 0.29 0.00008 0.15562 
4/23/2019 7:33 AM 287.41 0.29 0.00007 0.13940 
4/23/2019 7:34 AM 319.40 0.29 0.00008 0.15492 
4/23/2019 7:35 AM 376.71 0.29 0.00009 0.18272 
4/23/2019 7:36 AM 401.67 0.29 0.00010 0.19482 
4/23/2019 7:37 AM 536.23 0.29 0.00013 0.26009 
4/23/2019 7:38 AM 435.68 0.29 0.00011 0.21132 
4/23/2019 7:39 AM 409.67 0.29 0.00010 0.19870 
4/23/2019 7:40 AM 452.42 0.29 0.00011 0.21944 
4/23/2019 7:41 AM 430.72 0.29 0.00010 0.20891 
4/23/2019 7:42 AM 426.94 0.29 0.00010 0.20708 
4/23/2019 7:43 AM 460.79 0.29 0.00011 0.22350 
4/23/2019 7:44 AM 683.90 0.29 0.00017 0.33171 
4/23/2019 7:45 AM 600.83 0.29 0.00015 0.29142 
4/23/2019 7:46 AM 456.54 0.29 0.00011 0.22144 
4/23/2019 7:47 AM 568.42 0.29 0.00014 0.27570 







4/23/2019 7:48 AM 526.98 0.29 0.00013 0.25560 
4/23/2019 7:49 AM 531.04 0.29 0.00013 0.25757 
4/23/2019 7:50 AM 509.08 0.29 0.00012 0.24692 
4/23/2019 7:51 AM 550.02 0.29 0.00013 0.26678 
4/23/2019 7:52 AM 512.77 0.29 0.00012 0.24871 
4/23/2019 7:53 AM 506.27 0.29 0.00012 0.24556 
4/23/2019 7:54 AM 592.82 0.29 0.00014 0.28753 
4/23/2019 7:55 AM 531.46 0.29 0.00013 0.25777 
4/23/2019 7:56 AM 534.91 0.29 0.00013 0.25945 
4/23/2019 7:57 AM 458.33 0.29 0.00011 0.22230 
4/23/2019 7:58 AM 361.86 0.29 0.00009 0.17551 
4/23/2019 7:59 AM 483.19 0.29 0.00012 0.23436 
4/23/2019 8:00 AM 611.64 0.29 0.00015 0.29666 
4/23/2019 8:01 AM 624.08 0.29 0.00015 0.30270 
4/23/2019 8:02 AM 470.05 0.29 0.00011 0.22799 
4/23/2019 8:03 AM 505.80 0.29 0.00012 0.24533 
4/23/2019 8:04 AM 500.27 0.29 0.00012 0.24265 
4/23/2019 8:05 AM 496.51 0.29 0.00012 0.24082 
4/23/2019 8:06 AM 573.10 0.29 0.00014 0.27797 
4/23/2019 8:07 AM 525.41 0.29 0.00013 0.25484 
4/23/2019 8:08 AM 616.56 0.29 0.00015 0.29905 
4/23/2019 8:09 AM 536.69 0.29 0.00013 0.26031 
4/23/2019 8:10 AM 597.22 0.29 0.00014 0.28967 
4/23/2019 8:11 AM 528.87 0.29 0.00013 0.25652 
4/23/2019 8:12 AM 562.03 0.29 0.00014 0.27260 
4/23/2019 8:13 AM 457.44 0.29 0.00011 0.22187 
4/23/2019 8:14 AM 475.00 0.29 0.00012 0.23039 
4/23/2019 8:15 AM 486.38 0.29 0.00012 0.23591 
4/23/2019 8:16 AM 626.96 0.29 0.00015 0.30409 
4/23/2019 8:17 AM 609.93 0.29 0.00015 0.29583 
4/23/2019 8:18 AM 567.52 0.29 0.00014 0.27526 
4/23/2019 8:19 AM 545.22 0.29 0.00013 0.26445 
4/23/2019 8:20 AM 448.57 0.29 0.00011 0.21757 
4/23/2019 8:21 AM 495.32 0.29 0.00012 0.24024 
4/23/2019 8:22 AM 476.61 0.29 0.00012 0.23117 
4/23/2019 8:23 AM 656.01 0.29 0.00016 0.31819 
4/23/2019 8:24 AM 867.71 0.29 0.00021 0.42087 
4/23/2019 8:25 AM 1043.11 0.29 0.00025 0.50594 
4/23/2019 8:26 AM 738.62 0.29 0.00018 0.35825 
4/23/2019 8:27 AM 374.71 0.29 0.00009 0.18174 
4/23/2019 8:28 AM 68.79 0.29 0.00002 0.03337 
4/23/2019 12:15 PM 10.59 0.48 0.00000 0.00859 
4/23/2019 12:16 PM 163.09 0.48 0.00007 0.13230 
4/23/2019 12:17 PM 397.58 0.48 0.00016 0.32252 
4/23/2019 12:18 PM 285.19 0.48 0.00012 0.23134 
4/23/2019 12:19 PM 27.76 0.48 0.00001 0.02252 
4/23/2019 12:20 PM 177.11 0.48 0.00007 0.14367 







4/23/2019 12:21 PM 137.86 0.48 0.00006 0.11183 
4/23/2019 12:22 PM 89.66 0.48 0.00004 0.07273 
4/23/2019 12:23 PM 23.10 0.48 0.00001 0.01874 
4/23/2019 2:55 PM 34.15 1.24 0.00004 0.07157 
4/23/2019 3:39 PM 0.11 1.24 0.00000 0.00024 
4/23/2019 3:40 PM 24.05 1.24 0.00003 0.05040 
4/23/2019 4:25 PM 143.99 0.19 0.00002 0.04526 
4/23/2019 4:53 PM 0.97 0.19 0.00000 0.00030 
4/23/2019 4:54 PM 1562.11 0.19 0.00025 0.49104 
4/23/2019 4:55 PM 413.18 0.19 0.00006 0.12988 
4/23/2019 5:37 PM 55.81 0.30 0.00001 0.02830 
4/23/2019 5:38 PM 38.61 0.30 0.00001 0.01958 


4/23/2019 11:39 PM 236.67 0.89 0.00018 0.35597 
4/23/2019 11:40 PM 1223.71 0.89 0.00092 1.84058 
4/23/2019 11:41 PM 573.48 0.89 0.00043 0.86258 
4/23/2019 11:42 PM 34.50 0.89 0.00003 0.05189 
4/24/2019 1:04 AM 0.40 0.68 0.00000 0.00045 
4/24/2019 1:05 AM 86.79 0.68 0.00005 0.09973 
4/24/2019 7:56 AM 0.10 0.78 0.00000 0.00013 
4/24/2019 7:57 AM 109.87 0.78 0.00007 0.14483 
4/24/2019 7:58 AM 470.68 0.78 0.00031 0.62044 
4/24/2019 7:59 AM 1900.01 0.78 0.00125 2.50459 
4/24/2019 8:00 AM 2140.25 0.78 0.00141 2.82128 
4/24/2019 8:01 AM 1777.17 0.78 0.00117 2.34267 
4/24/2019 8:02 AM 1515.70 0.78 0.00100 1.99799 
4/24/2019 8:03 AM 1104.18 0.78 0.00073 1.45553 
4/24/2019 8:04 AM 989.89 0.78 0.00065 1.30488 
4/24/2019 8:05 AM 973.42 0.78 0.00064 1.28317 
4/24/2019 8:06 AM 985.62 0.78 0.00065 1.29925 
4/24/2019 8:07 AM 948.82 0.78 0.00062 1.25073 
4/24/2019 8:08 AM 374.40 0.78 0.00025 0.49353 
4/24/2019 8:13 AM 337.32 0.78 0.00022 0.44466 
4/24/2019 8:14 AM 1373.22 0.78 0.00090 1.81018 
4/24/2019 8:15 AM 869.38 0.78 0.00057 1.14601 
4/24/2019 8:16 AM 800.01 0.78 0.00053 1.05457 
4/24/2019 8:17 AM 783.72 0.78 0.00052 1.03310 
4/24/2019 8:18 AM 833.78 0.78 0.00055 1.09909 
4/24/2019 8:19 AM 844.59 0.78 0.00056 1.11334 
4/24/2019 8:20 AM 859.94 0.78 0.00057 1.13358 
4/24/2019 8:21 AM 877.41 0.78 0.00058 1.15660 
4/24/2019 8:22 AM 842.96 0.78 0.00055 1.11119 
4/24/2019 8:23 AM 811.29 0.78 0.00053 1.06944 
4/24/2019 8:24 AM 813.11 0.78 0.00054 1.07185 
4/24/2019 8:25 AM 849.67 0.78 0.00056 1.12004 
4/24/2019 8:26 AM 761.76 0.78 0.00050 1.00415 
4/24/2019 8:27 AM 778.36 0.78 0.00051 1.02604 
4/24/2019 8:28 AM 780.15 0.78 0.00051 1.02839 







4/24/2019 8:29 AM 772.02 0.78 0.00051 1.01768 
4/24/2019 8:30 AM 779.06 0.78 0.00051 1.02696 
4/24/2019 8:31 AM 780.02 0.78 0.00051 1.02823 
4/24/2019 8:32 AM 769.65 0.78 0.00051 1.01455 
4/24/2019 8:33 AM 765.10 0.78 0.00050 1.00856 
4/24/2019 8:34 AM 54.03 0.78 0.00004 0.07122 
4/24/2019 12:07 PM 106.50 1.49 0.00013 0.26855 
4/24/2019 12:08 PM 1113.73 1.49 0.00140 2.80825 
4/24/2019 12:09 PM 2021.36 1.49 0.00255 5.09681 
4/24/2019 12:10 PM 1712.66 1.49 0.00216 4.31845 
4/24/2019 12:11 PM 1690.69 1.49 0.00213 4.26303 
4/24/2019 12:12 PM 1671.38 1.49 0.00210 4.21434 
4/24/2019 12:13 PM 1504.28 1.49 0.00189 3.79301 
4/24/2019 12:14 PM 74.10 1.49 0.00009 0.18684 
4/26/2019 10:46 AM 9.74 0.23 0.00000 0.00383 
4/26/2019 4:10 PM 62.95 3.53 0.00019 0.37536 
4/26/2019 4:11 PM 1542.97 3.53 0.00459 9.19971 
4/26/2019 4:12 PM 2276.89 3.53 0.00678 13.57556 
4/26/2019 4:13 PM 2321.29 3.53 0.00691 13.84027 
4/26/2019 4:14 PM 1068.62 3.53 0.00318 6.37146 
4/26/2019 4:15 PM 10.08 3.53 0.00003 0.06009 
4/27/2019 8:33 AM 26.19 1.43 0.00003 0.06330 
4/27/2019 8:34 AM 2286.13 1.43 0.00276 5.52488 
4/27/2019 8:35 AM 3032.96 1.43 0.00366 7.32974 
4/27/2019 8:36 AM 1931.14 1.43 0.00233 4.66699 
4/27/2019 8:37 AM 1531.18 1.43 0.00185 3.70039 
4/27/2019 8:38 AM 1344.76 1.43 0.00162 3.24989 
4/27/2019 8:39 AM 500.53 1.43 0.00060 1.20962 
4/27/2019 8:56 AM 304.63 1.43 0.00037 0.73621 
4/27/2019 8:57 AM 844.32 1.43 0.00102 2.04047 
4/27/2019 9:00 AM 917.74 1.43 0.00111 2.21790 
4/27/2019 9:18 AM 4.83 1.43 0.00001 0.01167 
4/27/2019 9:19 AM 1272.16 1.43 0.00154 3.07442 
4/27/2019 9:20 AM 1618.12 1.43 0.00195 3.91052 
4/27/2019 9:21 AM 436.33 1.43 0.00053 1.05448 
4/27/2019 9:22 AM 19.28 1.43 0.00002 0.04659 


 
















  


   
Lion Oil Company LLC (El Dorado Refinery) 


Consent Decree Semi-Annual Progress Report 2H2020 
(July 1, 2020 through December 31, 2020) 


 


 
  
 


1 


Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 11 
Nitrogen Oxides (NOx) 
Emissions Reductions from 
the Fluid Catalytic Cracking 
Unit (FCCU) 


 
All requirements of this paragraph have 
been completed. 


 
Not Applicable 


(NA) 


Paragraph 12 
Sulfur Dioxide (SO2) 


Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 13 
Particulate Matter (PM) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 14 
Carbon Monoxide (CO) 
Emissions Reductions from 
FCCU 


 
All requirements of this paragraph have 
been completed. 
 


 
NA 


Paragraph 15 
New Source Performance 
Standards (NSPS) 
Applicability of FCCU 
Regenerators 
 


 
Lion Oil Company LLC (“Lion”) operates 
a petroleum refinery located in El Dorado 
(Union County), Arkansas (referred to 
hereafter as “El Dorado Refinery” or 
“EDR”) triggered NSPS Subpart Ja for 
the FCCU and complies with NSPS 
Subpart Ja in lieu of NSPS Subpart J. 


 
NA 


Paragraph 16 
NOx Emissions Reductions 
from Heaters and Boilers, 
and NOx and CO Emission 
Reductions from Air 
Compressor (SN-841) 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, maintain records, 
and report in accordance with Paragraph 
16. 
 
16.E. - Recordkeeping and Reporting 
The EDR submitted the NOx Control 
Technology progress report on 11/19/20 
via the web portal noting all requirements 
of Paragraph 16 have been completed. 


 
NA 


Paragraph 17 
SO2 Emissions Reductions 
from and NSPS Applicability 
of Heaters and Boilers 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 17. 


 
NA 


                                                           
1 Items listed in the “Anticipated Problems in Meeting Requirements of Section V” column on this Semi-Annual 
Report are a listing of problems anticipated in meeting the compliance schedule for requirements due at a 
future date. The “anticipated problems” are described in Attachment 1, identified by “Requirement” and 
Consent Decree paragraph number. 







  


   
Lion Oil Company LLC (El Dorado Refinery) 


Consent Decree Semi-Annual Progress Report 2H2020 
(July 1, 2020 through December 31, 2020) 


 


 
  
 


2 


Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 18 
NSPS Applicability of and 
Compliance for Sulfur 
Recovery Plant 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS.  The 
EDR has completed the requirements of 
this paragraph and continues to monitor, 
keep records, and report in accordance 
with Paragraph 18, including annual 
reviews and updates to its Preventive 
Maintenance and Operations (PMO) 
Plan. 
 
Paragraph 18.D. - Good Operation and 
Maintenance. 
There were no changes to the PMO Plan 
during the reporting period.  


 
NA 


Paragraph 19 
NSPS Applicability of and 
Compliance for Flaring 
Devices 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 19. 
The EDR triggered NSPS Subpart Ja for 
the flares and complies with the 
monitoring requirements of NSPS, 
Subpart Ja through an approved 
Alternative Monitoring Plan (AMP). 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 20 
Control of Acid Gas Flaring 
Incidents and Tail Gas 
Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 20, 
including the ongoing investigation and 
corrective action requirements. 
 
Paragraph 20.A - Investigation and 
Reporting. 
 
A Tail Gas Treatment Unit (TGTU) 
incident occurred during the reporting 
period on 8/26/20.  The Root Cause 
Report (RCR) for the event was 
submitted within 45 days of the incident.  
The EDR completed the implementation 
of all but one of the corrective actions 
identified in the RCR for the 8/26/20 
incident.   
 
In addition, the EDR has not completed 
the implementation of the remaining 
corrective action for the 6/5/20 and 
6/20/20 incidents mentioned in the EDR 
Consent Decree Semi-Annual Progress 
Report covering 1/1/20 to 6/30/20 that 
was submitted on 7/30/20.   
    
The status of the remaining corrective 
actions for the 6/5/20, 6/20/20, and 
8/26/20 incidents will be communicated 
in the EDR Consent Decree Semi-
Annual Progress Report covering 1/1/21 
to 6/30/21 that will be due on 7/30/21. 
 
 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 21 
Control of Hydrocarbon 
Flaring Incidents 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records, and 
report in accordance with Paragraph 21, 
including the ongoing investigation and 
corrective action requirements. 
 
Investigation and Reporting. 
 
A Hydrocarbon (HC) incident occurred 
during the reporting period on 10/15/20.  
The RCR for the 10/15/20 event was 
submitted within 45 days of the incident.  
EDR completed all but one of the 
corrective actions identified in the RCR 
for the 10/15/20 incident.    
 
The status of the remaining corrective 
actions for the 10/15/20 incident will be 
communicated in the EDR Consent 
Decree Semi-Annual Progress Report 
covering 1/1/21 to 6/30/21 that will be 
due on 7/30/21. 
 


 
NA 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 
Benzene Waste NESHAP 
Program Enhancements 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 22, 
including periodic reviews, training, and 
sampling. 
 
Paragraph 22.D - Implementation of 
Actions Necessary to Correct Non-
Compliance 
 
22.D.iv: On 9/5/13, the EDR certified its 
compliance with the 6BQ Compliance 
Option. 
 
Paragraph 22.E - Annual Program 
The EDR and a contractor 
[Environmental Resources Management 
(ERM)] reviewed the 2016 Total Annual 
Benzene (TAB) during 1Q2017 to ensure 
all streams are included in the waste 
stream inventory.  
 
Paragraph 22.G.ii. - Training 
Employees asked to draw benzene 
samples received training during July 
2020. 


 
No anticipated problems 
for Paragraph 22. 
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Section IX. Reporting and 
Recordkeeping 
Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 22 (Continued) 
Benzene Waste NESHAP 
Program Enhancements 
 


 
Paragraph 22.I-End of Line Sampling 
(TAB is Equal To Or Greater 10 Mg/yr): 
 
22.I.i - The EDR submitted on 10/31/13 
for EPA approval a sampling plan for an 
end of line (EOL) determination of the 
benzene quantity in uncontrolled waste 
streams. The EDR is awaiting EPA’s 
response.  
 
Paragraph 22.J - End of Line Sampling 
(TAB is Equal To Or Greater Than 1 
Mg/yr But Less Than 10 Mg/yr): 
 
22.J.iii - The EDR conducted an EOL 
determination of benzene quantity on a 
quarterly basis. The EDR continues to 
sample in accordance with the plan 
submitted under Paragraph 22.J.  The 
EDR submitted a plan for approval under 
Paragraph 22.I.i. 
 
22.J.v - The EDR calculated a projected 
year Total Annual Benzene (TAB) on a 
quarterly basis.  The EDR fourth quarter 
2020 projected EOL including the TAB is 
included with this Semi-Annual Progress 
Report.   
 
22.J.vi - The EDR completed 
implementation of its Compliance 
Strategy and Schedule to come into 
compliance with the 6BQ Compliance 
Option by 7/6/13.    
 
Paragraph 22.K - Miscellaneous 
Measures 
 
22.K.ii.a - Following completion of 6BQ 
Compliance Plan, the EDR conducted 
monthly inspections of all water traps in 
individual drain systems (IDS). 
 
22.K.ii.b - N/A.  The EDR uses carbon 
canisters in lieu of conservation vents or 
indicators on process sewers. 


 
No anticipated problems 
for Paragraph 22. 
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Paragraph 23 (Continued) 
Leak Detection and Repair 
(“LDAR”) Program 
Enhancements 


 
Paragraph 23.C - LDAR Audits 
 
Paragraph 23.C.i - The EDR retained 
Tricord to conduct a Third-Party Audit of 
the Refinery’s LDAR program on 10/7-
10/19.  The next Third-Party Audit of the 
EDR LDAR program is anticipated to 
occur during the third or fourth quarter of 
2021 depending on availability.    
 
Paragraph 23.D - Implementation of 
Actions Necessary to Correct Non-
Compliance.   
Listing of actions necessary to correct 
non-compliance were submitted with 
audit summary report prior to 1/30/20. 
 
Paragraph 23.O - Recordkeeping and 
Reporting Requirements 
 
Paragraph 23.O.i - All requirements for 
this paragraph have been completed. 
 
Paragraph 23.O.ii.a.-  
All requirements for this paragraph have 
been completed. 
 
Paragraph 23.O.ii.b.  -  
The EDR retained Tricord to conduct a 
Third-Party Audit of the Refinery’s LDAR 
program on 10/7-10/19.  Listing of 
actions necessary to correct non-
compliance were submitted with audit 
summary report prior to 1/30/20.   
 
Paragraph 23.O.ii.c.  -  
The EDR will submit semi-annual NSPS 
and MACT reports to the government 
agencies on or before 1/30/21 containing 
the information required by Paragraph 
23.O.ii.c. 


 
No anticipated problems 
for Paragraph 23. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 
Paragraph 24 
Incorporation of Consent 
Decree Requirements into 
Federally-Enforceable 
Permits 


 
All requirements of this paragraph have 
been completed.  


 
NA 


 
 
 
 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 25 
Obtaining Construction 
Permits 
 
 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


Paragraph 26 
Title V Compliance 
Certification 
 


 
All requirements of this paragraph have 
been completed. 


 
NA 


 


Paragraph 30 
Compliance with NSPS 
Subpart QQQ at the El 
Dorado Refinery 
 
 


 
The EDR continues to comply with the 
ongoing requirements of the NSPS. 
The EDR has completed the 
requirements of this paragraph and 
continues to monitor, keep records and 
report in accordance with Paragraph 30. 
 


 
No anticipated problems 
for Paragraph 30 


Paragraph 31 
Installation of BACT Controls 
- Vacuum Distillation Tower 
(VDU) 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 31. 


Paragraph 32 
Federal Supplemental 
Environmental Projects 
(SEPs) 


 
All requirements for this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 32. 
 


Paragraph 34 
Information required in the 
Quarterly report for SEP’s 
completed in the previous 
year. 
 


 
All requirements of this paragraph have 
been completed. 


 
No anticipated problems 
for Paragraph 34. 
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Section IX. Reporting and 
Recordkeeping 


Requirement 


Activities Completed 
(7/1/20 - 12/31/20) 


Anticipated Problems 
in Meeting Section V 


Requirements1 


Paragraph 36 
Reporting and 
Recordkeeping 
 
 
 
 
 
 
 


 
Beginning 1/1/05 the EDR is required to 
submit Semi-Annual Progress Reports 
rather than Quarterly Progress Reports. 
This is the 31th Semi-Annual Report. 
 
New Paragraph 36.A Summary of 
annual emissions data for the 
Refinery. 
A summary of the EDR annual emissions 
data for 2019 is attached.   


 
No problems anticipated 
for Paragraph 36. 


 
 
 
 
 
 
 
 
 
 
  











Delek US - El Dorado Refinery
El Dorado, Arkansas


2020 Benzene EOL Projection


First Quarter 2020 Totals


Stream Sampled


January 
Sample 
(ug/L)


Flow Rate 
(gpm)


February 
Sample 
(ug/L)


Flow Rate 
(gpm)


March 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.018
2- Vac Truck 52,400 0.9 24,200 0.8 107,300 0.5 377 56.66 0.021 0.085
3 - WWTP Feed 1,700 2,048 1,600 2,048 810 2,001 1,010,185 1.37 1.388 5.553


Notes:  The projected annual TAB is equal to the sum of the 1st quarter benzene quantities multiplied by 4. Quarterly Total: 1.414 5.657


Second Quarter 2020 Totals


Stream Sampled


April 
Sample 
(ug/L)


Flow Rate 
(gpm)


May Sample 
(ug/L)


Flow Rate 
(gpm)


June 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 26,000 0.3 29,000 0.3 53,000 0.3 149 36.00 0.005 0.020


2- Vac Truck 27,400 1.0 45,800 0.4 11,000 1.2 432 28.91 0.012 0.068
3 - WWTP Feed 500 2,002 540 2,034 890 1,200 867,587 0.60 0.525 3.826


Notes:  The projected annual TAB is equal to the sum of the 1st and 2nd quarter benzene quantities multiplied by 2 Quarterly Total: 0.543 3.914


Third Quarter 2020 Totals


Stream Sampled
July Sample 


(ug/L)
Flow Rate 


(gpm)


August 
Sample 
(ug/L)


Flow Rate 
(gpm)


September 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.3 30,000 0.3 30,000 0.3 149 30.00 0.004 0.019


2- Vac Truck 11,700 0.5 74,300 0.9 12,750 0.6 327 44.48 0.015 0.064
3 - WWTP Feed 730 1,374 780 1,997 1,060 2,000 889,956 0.87 0.776 3.576


Notes:  Quarterly Total: 0.795 3.659
The projected annual TAB is equal to the sum of the 1st, 2nd, and 3rd quarter benzene quantities multiplied by 1.33 for WWTP Feed.
*September WWTP Feed data is the average of two different samples during the reporting period.


Fourth Quarter 2020 Totals


Stream Sampled


October 
Sample 
(ug/L)


Flow Rate 
(gpm)


November 
Sample 
(ug/L)


Flow Rate 
(gpm)


December 
Sample 
(ug/L)


Flow Rate 
(gpm)


Average 
Quarterly Waste 


Quantity (Mg)


Flow Weighted 
Benzene Conc. 


(ppmw)


EOL Benzene 
Quantity 
(Mg/Qtr)


Projected 
Annual TAB 


(Mg)


1 - API skimmed oil 30,000 0.30 30,000 0.30 30,000 0.30 149 30.00 0.004 0.019


2- Vac Truck 33,200 0.52 148,800 0.34 231,000 0.60 237 141.64 0.034 0.082
3 - WWTP Feed 560 1,253 150 1,353 700 1,596 696,256 0.48 0.335 3.024


Notes:  The projected annual TAB is equal to the sum of the 1st, 2nd, 3rd, and 4th quarter benzene quantities. Quarterly Total: 0.373 3.124


TOTAL ANNUAL BENZENE (TAB): 3.124







TABLE - 1
Lion Oil Company
El Dorado, AR Refinery


Reporting Period Starting:


WASTE STREAM CHARACTERISTICS
Water Phase Data Organic Phase Data Stream Total Total


Benzene Concentration (ppmw) Annual Annual Benzene Concentration (ppmw) Annual Annual Annual Annual Uncontrolled
Benzene Water Waste Stream Type Range Flow Waste Benzene Range Flow Waste Benzene Benzene Benzene Benzene
Controls Content Process Tank Lower Upper Weighted Quantity Quantity Lower Upper Weighted Quantity Quantity Quantity (TAB) Quantity


Unit Stream Name Y N <10% >10% Wastewater Draw down Limit Limit Annual Avg. (kg/yr) (kg/yr) Limit Limit Annual Avg. (kg/yr) (kg/yr) (kg/yr) (Mg/yr) (Mg/yr)
Miscellaneous Waste Streams Slop Oil Movements (Non-turnaround X X X - - - 0 0 1 4,760 110 6,749,328.01 740.91 740.91 0.741 0.000


Tank Clean Out  X X X - - - 0 0 110 190 #DIV/0! 0.00 0.00 0.00 0.000 0.000
Spills  X X X - - - 0 0 0 5 0 4,288.34 0.00 0.00 0.000 0.000
Vac. Truck Waste  X X X 0 214687 1 2,925,974 4 1 1 226 960,866.31 217.31 221.45 0.221 0.221
Asphalt Area Residue X X X 0.02 0.84 0.04 199,011,082 8 3 30 10 499,639.11 5.00 13.16 0.013 0.013
Sand Hill Loading Rack Retains X X X - - 0.00 0 0 1 6,000 4,200 7,773.87 32.65 32.65 0.033 0.000
Offsite Waste (Spent Catalyst)  X X X - - - 0 0 0 730 730 320,123.57 0.10 0.10 0.000 0.000
Sour Water Stripper Outlet  X X X 0 0.10 0.04 266,674,849 10 0 10 3.6 229,608.34 0.83 10.53 0.011 0.011
Slop Oil Movements (Turnaround-related  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
T-432 - Spent Caustic  X X X - - - 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Offsite Waste (Misc.)  X X X - - - 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Turnaround  X X X 0 0 0 0 0 0 0 0 0.00 0.00 250.00 0.250 0.250
API Trap/Sump  X X X 0 0.0 0.0 0 0 0.0 0 0 0.00 0.00 0.00 0.000 0.000
Remediation Wastes  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Crude Unit Desalter X  X X 27.0 36.0 31.3 318,417,731 9,959 0 1,140 1,140 2,741,592.16 3,125.42 13,083.93 13.084 0.000
Desalter Flash effluent X X X 0.1 1.2 0.6 343,095,105 218 0 1,140 1,140 1,477,032.78 1,683.82 1,901.48 0.218
Maintenance  X X X 0 0 0 0 0   0 0.00 0.00 10.00 0.010 0.010
LSR Stab Overhead Accumulator  X X X 145 328 215 12,438 3 14,530 32,809 21,513 81.60 1.76 4.43 0.004 0.004
Desalter Rag Layer Check  X X X 0 11 11 8,292 0 0 1,140 1,140 2,379.85 2.71 2.81 0.003 0.003
East Surge Drum  X X X 0 11 11 33,169 0 0 1,140 1,140 285.58 0.33 0.70 0.001 0.001
West Surge Drum  X X X 0 11 11 8,292 0 0 1,140 1,140 71.40 0.08 0.18 0.000 0.000
Kerosene Stripper Pump  X X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Atmospheric Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Vac. Furnace Fuel K/O  X X X 0.4 0.4 0.4 5,528 0 39 41 40 46.99 0.00 0.00 0.000 0.000
Preflash Reboiler Fuel K/O  X X X 0.4 0.4 0.4 2,177 0 39 41 40 18.50 0.00 0.00 0.000 0.000
Diesel Control Valve  X X X 0 0 0 0 0 0 0.8 0.8 594.81 0.00 0.00 0.000 0.000
Vac. Pot  X X X 0 0 0 58,045 0 0 0.8 0.8 499.64 0.00 0.00 0.000 0.000
Desalter Flash Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Neutral Oil Storage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
AGO Steam Generator  X X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
VGO Control Valve  X X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
DAGO  X X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Atmosheric Overhead Accumulator  X X X 0 0 0 15,920,887 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Preflash Overhead Accumulator  X X X 0 0 0 9,950,554 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Alkylation Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#5 Scrubber Tower  X X X 0.02 0.03 0.02 7,960,443 0 2.0 3.0 1.7 55,833.59 0.09 0.23 0.000 0.000
Spent Caustic Bleed  X X X 0.02 0.06 0.04 373,146 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Isobutane Recycle Coalesce  X X X 0.02 0.03 0.02 4,146 0 2.0 3.0 1.7 2,908.00 0.00 0.00 0.000 0.000
Isobutane Effluent Exchange  X X X 0.02 0.03 0.02 1,555 0 2.0 3.0 1.7 363.50 0.00 0.00 0.000 0.000
DIB Feed Coalescer  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
DIB Overhead Rec  X X X 0.01 0.02 0.01 37,315 0 1.0 1.5 1.3 0.00 0.00 0.00 0.000 0.000
Recycle Coalescer  X X X   0 0 0 0 0 0 185.06 0.00 0.00 0.000 0.000
Depro Caustic Wash Drum  X X X 0.02 0.06 0.04 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash Drum  X X X 0.02 0.03 0.02 8,292 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Sour Water Chg Pump  X X X 0 0.02 0.01 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
1st Feed Coalescer  X X X 0 0 0 4,146 0 0 0 0 4,441.53 0.00 0.00 0.000 0.000
2nd Feed Coalescer  X X X 0 0 0 8,292 0 0 0 0 88.83 0.00 0.00 0.000 0.000
Purchase Isobutane Coalesce  X X X 0 0 0 4,146 0 0 0 0 2,908.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.02 0.00 0.00 0.000 0.000
Reboiler Steam Condensate Cooler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on Condensate Pot  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overflow on steam Blowdown Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
DIB & DEC3 Reboiler Condensate  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Lo Pres Flare Drain  X X X 0 0 0 207 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Depro Overhead Rec  X X X 0 0 0 1,037 0 0 0 0 175.86 0.00 0.00 0.000 0.000
Depropanizer Feed Coalescer  X X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Refrigerent Surge Drum  X X X 0 0 0 777 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Surge Drum  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Sour Water Yield  X X X 0 0 0 0 0 0 2 1 0.00 0.00 0.00 0.000 0.000
Dryer Acid  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Overhead Receiver on C4 Splitte  X X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Isomerization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Penex Charge  X X X 0 0 0 0 0 18,853 43,354 27,902 339.46 9.47 9.47 0.009 0.009
#6 Isomate  X X X 0 0 0 0 0 31 1,737 923 225.28 0.21 0.21 0.000 0.000
Stripper Overhead Water Boot  X X X 145 328 215 173 0 14,530 32,809 21,513 0.00 0.00 0.04 0.000 0.000
Caustic Scrubber  X X X 0 0 0 414,606 0 2.4 6.3 4.1 0.00 0.00 0.02 0.000 0.000
Fuel KO Pot  X X X 0 0 0 5,247 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#6 HP Flare Drain  X X X 0 0 0 790 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Hydrotreating  Separator  X X X 0 0 0 197 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Caustic Bd Pump  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Caustic KO Pot  X X X 0 0 0 0 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Charge Heater  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Stab Reboiler  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Water Wash Drum CV  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Scrubber  X X X 0 0 0 1,382 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
Caustic Wash  X X X 0 0 0 173 0 2.4 6.3 4.1 0.00 0.00 0.00 0.000 0.000
#6 Stripper Overhead Water Boot  X X X 145 328 215 0 0 14,530 32,809 21,513 0.00 0.00 0.00 0.000 0.000
#6 Water Wash Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#6 Feed Coalescer  X X X 37 84 n/a n/a n/a 3,730 8,400 n/a 0.00 0.00 0.00 0.000 0.000


Total Annual Benzene Report - 2019
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HP Flare K/O Drum  X X X 0 0 0 182 0 39 41 40 0.00 0.00 0.00 0.000 0.000
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Catalytic Cracking Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Overhead Accumulator  X X X 30 70 50 173 0 3,000 7,000 5,000 0.00 0.00 0.01 0.000 0.000
Fuel Gas KO Pot  X X X 0 0 0 12,438 0 39 41 40 0.00 0.00 0.00 0.000 0.000
#10 Feed Coalescer  X X X 0 0 150 0 0 0 0 15,000 0.00 0.00 0.00 0.000 0.000
XVG Low Stage Suction Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Waste Heat Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Steam Generator Blowdown  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
7 Charge  X X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
#7 Overhead Rec'b  X X X 30 70 50 36,817,050 1,841 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000
KVG Low Stage Suction Drum  X X X 30 70 50 0 0 3,000 7,000 5,000 0.00 0.00 0.00 0.000 0.000


Unit 8 Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Feed Coalescer  X X X 0 0 0 14 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Inlet Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Treated Disel Sample  X X X 0 0 0 0 0 0 1 1 1,189.62 0.00 0.00 0.000 0.000
Fliter Change Out  X X X 0 0 0 7 0 0 1 1 594.81 0.00 0.00 0.000 0.000
Stripper Overhead Receiver  X X X 0 18 18 14 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000


Platformer Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
#9 Stripper Overhead  X X X 0 18 18 86 0 0 1,800 1,800 74.54 0.13 0.14 0.000 0.000
NHT Prod Sep  X X X 0 18 18 37 0 0 1,800 1,800 10.65 0.02 0.02 0.000 0.000
#9 Fuel KO Drum  X X X 0 0 0 3,110 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Sour Water Drum  X X X 0 0 0 69,101 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
Steam Diengage Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#9 Stab Overhead Wtr Boot  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000
# 9 KO Drum Level Contro  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
NHT Prod Sep  X X X 0 0 0 0 0 0 2.0 1.3 0.00 0.00 0.00 0.000 0.000


Desulfurization Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Fuel Gas Ko Dr  X X X 0 0 0 27,640 0 39 41 40 0.00 0.00 0.01 0.000 0.000
#10 Product CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Product Sample Purge  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Charge CV  X X X 0 0 0 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
Comp Jacket Water  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#10 Net Gas Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 223,405.76 3,351.09 0.00 0.000 0.000
#10 Hi Pres Sep  X X X 100 200 150 13,820 2 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Lo Pres Sep  X X X 1.8 2.0 1.9 2,764 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
#10 Elec Booster Gas Comp  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000


Desulfurization Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Stuffing Box for N/S Compressors  X X X 100 200 150 296 0 10,000 20,000 15,000 0.00 0.00 0.04 0.000 0.000
# 12 Fuel Gas K/O Pot  X X X 0.39 0.41 0.40 13,820 0 39 41 40 0.00 0.00 0.01 0.000 0.000
# 12 Charge  X X X 0 0 0 0 0 0 0 0 632.17 0.00 0.00 0.000 0.000
# 12 Product  X X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
Booster Suction Drum  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
2nd Stage Suction Drums  X X X 100 200 150 0 0 10,000 20,000 15,000 0.00 0.00 0.00 0.000 0.000
# 12 Flare Drum  X X X 0 0 0 580,449 0 0 0 0 0.00 0.00 0.00 0.000 0.000
12 Stripper Overhead Receiver  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
# 12 Net Gas Drum  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
HP Separator  X X X 0 0 0 19,901,108 0 0 0 0 0.00 0.00 0.00 0.000 0.000
LP Separator  X X X 0 0 0 290,224 0 0 0 0 0.00 0.00 0.00 0.000 0.000


NaHS Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Water Wash Separator  X X X 0 0 0 5,970,332 2 39 41 40 0.00 0.00 2.39 0.002 0.002
LP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LP Flare Drum  X X X 0.39 0.41 0.40 8,860 0 39 41 40 0.00 0.00 0.00 0.000 0.000
HP Flare Drum  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Light Oil Treater Flare Drum K/O  X X X 0.39 0.41 0.40 1,817 0 39 41 40 0.00 0.00 0.00 0.000 0.000
Reactor  X X X 0 0 0 0 0 39 41 40 0.00 0.00 0.00 0.000 0.000
LSR Treater Water Wash  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000


Caustic Treater Unit Maintenance  X X X 0 0 0 0 0 0 0 0 0.00 0.00 10.00 0.010 0.010
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
Gaso Treater Sample  X X 0 0 0 0 0 3,000 7,000 6,000 0.00 0.00 0.00 0.000 0.000
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Laboratory Samples Platformate  X X 0 0 0 0 0 30,340 67,500 49,647 1,124.35 55.82 55.82 0.056 0.056
HTU Charge  X X 0 0 0 0 0 21,423 41,527 28,217 675.03 19.05 19.05 0.019 0.019
Penex Charge  X X 0 0 0 0 0 18,853 43,354 27,902 678.92 18.94 18.94 0.019 0.019
10 Product  X X 0 0 0 0 0 10,000 20,000 15,000 664.90 9.97 9.97 0.010 0.010
4 Unstabilized Lsr  X X 0 0 0 0 0 14,530 32,809 21,513 453.34 9.75 9.75 0.010 0.010
14 Debut Bottoms  X X 0 0 0 0 0 3,000 7,000 7,370 1,038.38 7.65 7.65 0.008 0.008
1 Stream  X X 0 0 0 0 0 11,200 15,000 12,367 504.42 6.24 6.24 0.006 0.006
Preflash Naphtha  X X 0 0 0 0 0 7,900 11,700 10,267 500.98 5.14 5.14 0.005 0.005
LSR  X X 0 0 0 0 0 14,530 32,809 21,513 226.67 4.88 4.88 0.005 0.005
10 Charge  X X 0 0 0 0 0 10,000 20,000 15,000 166.22 2.49 2.49 0.002 0.002
Platformer Feed  X X 0 0 0 0 0 5,330 11,700 9,443 256.37 2.42 2.42 0.002 0.002
Unifiner Feed  X X 0 0 0 0 0 11,200 15,000 8,733 252.21 2.20 2.20 0.002 0.002
Isomate  X X 0 0 0 0 0 31 1,737 923 1,351.68 1.25 1.25 0.001 0.001
7 Naphtha  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Frac. Reflux  X X 0 0 0 0 0 0 1,800 1,800 596.34 1.07 1.07 0.001 0.001
Crude In  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Crude Out  X X 0 0 0 0 0 0 1,140 1,140 148.74 0.17 0.17 0.000 0.000
Kerosene  X X 0 0 0 0 0 10.0 300 10.0 565.70 0.01 0.01 0.000 0.000
Light Cycle Oi  X X 0 0 0 0 0 175 200 188 664.90 0.12 0.12 0.000 0.000
Heavy Cycle Oi  X X 0 0 0 0 0 175 200 188 332.45 0.06 0.06 0.000 0.000
Alkylate  X X 0 0 0 0 0 2.0 3.0 1.7 969.33 0.00 0.00 0.000 0.000
Diesel  X X 0 0 0 0 0 0 1 0.8 594.81 0.00 0.00 0.000 0.000
5 Caustic  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
5 Effluent Caustic Wash  X X 0.02 0.03 0.02 173 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
12 Charge  X X 0 0 0 0 0 0 0 0 316.08 0.00 0.00 0.000 0.000
12 Product  X X 0 0 0 0 0 0 0 0 620.31 0.00 0.00 0.000 0.000
4 Flux  X X 0 0 0 0 0 0 0 0 2,097.91 0.00 0.00 0.000 0.000
7 Charge  X X 0 0 0 0 0 0 0 0 310.15 0.00 0.00 0.000 0.000
DAGO  X X 0 0 0 0 0 0 0 0 129.80 0.00 0.00 0.000 0.000
Fractionator Bottoms  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
Clarified Oil  X X 0 0 0 0 0 0 0 0 381.26 0.00 0.00 0.000 0.000
VGO  X X 0 0 0 0 0 0 0 0 158.93 0.00 0.00 0.000 0.000
AGO  X X 0 0 0 0 0 0 0 0 154.10 0.00 0.00 0.000 0.000
14 Merox Caustic  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
14 Lean DEA  X X 0 0 0 173 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Drier Acid  X X 0 0 0 346 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Reactor Acid  X X 0 0 0 691 0 0 0 0 0.00 0.00 0.00 0.000 0.000
11 Asphalt  X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
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Tank Farm Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Chrg. Stock - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Slop Oil - Out of Service  X X X 0 48 1 0 0 1.3 4,760 110 0.00 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
Gas Oil - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Low Sulfur Diesel (LSD) - Out of Service  X X X 0.0 0.0 0.0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Fresh Caustic  X X X 0.0 0.0 0.0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
#7 Light Cycle Oil (LCO)  X X X 1.8 2.0 1.9 276,404 1 175 200 188 2,659.59 0.50 1.02 0.001 0.001
Platformate  X X X 303.40 675.00 496.47 829,213 412 30,339.9 67,500.0 49,646.7 6,746.08 334.92 746.60 0.747 0.747
Platformate  X X X 303 675 496 552,809 274 30,340 67,500 49,647 4,497.39 223.28 497.73 0.498 0.498
Platformate  X X X 303 675.0 496.5 27,640 14 30,340 67,500 49,647 224.87 11.16 24.89 0.025 0.025
Gasoline 93 Octane  X X X 0 160 60 165,843 10 10 16,000 6,000 1,243.82 7.46 17.41 0.017 0.017
Light Slop Oil X  X X 0 11 11 11,608,980 132 0 1,140 1,140 99,953.88 113.95 246.29 0.246 0.000
Isomate  X X X 0.3 17 9.2 0 0 31 1,737 923 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Asphalt - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
No. 4 Vacuum Gas Oil  X X X 0 0 0 27,640 0 0 0 0 248.12 0.00 0.00 0.000 0.000
Alkylate  X X X 0 0 0 0 0 2.0 3.0 1.7 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 14 GC Cracked Gasoline  X X X 30 70 67 829,213 56 3,000 7,000 6,740 6,230.26 41.99 97.88 0.098 0.098
No. 4 St. Run Gasoline  X X X 145 328 215 829,213 178 14,530 32,809 21,513 5,440.03 117.03 295.42 0.295 0.295
#4 Diesel/Kerosene  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Slop Diesel From #8 Unit  X X X 0 0 0 55,281 0 0 0 0 496.25 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel Oil  X X X 0 0 0 0 0 0 1 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Diesel Oil (w/ Coalescer)  X X X 0 0 0 4,975,277 0 0 1 0.8 42,826.21 0.03 0.07 0.000 0.000
Gasoline Blend  X X X 0 160 60 2,764,043 166 10 16,000 6,000.0 20,730.32 124.38 290.22 0.290 0.290
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0.1 160 60 5,804,490 348 10 16,000 6,000 43,533.67 261.20 609.47 0.609 0.609
Gasoline Blend (w/ Coalescer  X X X 0 160 60 2,902,245 174 10 16,000 6,000 21,766.84 130.60 304.74 0.305 0.305
Iso-butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 3.0 0.1 0 0 10 300 10 0.00 0.00 0.00 0.000 0.000
Solvent/Chemical - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Crude X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Propane/ Propylene - Out of Service  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Cargill Oil (Vegetable Oil Based Product  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
Naphtha - Out of Service  X X X 0 18 18 0 0 0 1,800 1,800 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 1.75 2 1.9 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
Diesel Oil Blend - Out of Service  X X X 0 0 0 0 0 0 1 1 0.00 0.00 0.00 0.000 0.000
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
Naphtha  X X X 0 18 18 27,640 0 0 1,800 1,800 238.54 0.43 0.93 0.001 0.001
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200 188 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
#4DIE/KERO/#7LCO TO #8  X X X 2 2 2 0 0 175 200.0 187.5 0.00 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
NO. 4 Stab Light Straight Run  X X X 145.3 328 215 165,843 36 14,530 32,809 21,513 1,088.01 23.41 59.08 0.059 0.059
VTB Blend  X X X 0 0 0 3,455 0 0 0.8 0.8 29.74 0.00 0.00 0.000 0.000
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
#4 St Run Gasoline  X X X 145 328 215 55,281 12 14,530 32,809 21,513 362.67 7.80 19.69 0.020 0.020
Iso-Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Mixed Butane  X X X 0 0 0 691 0 0 0 0 4.01 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 49 0 0 0 0 0.29 0.00 0.00 0.000 0.000
Iso-Butane  X X X 0 0 0 987 0 0 0 0 5.02 0.00 0.00 0.000 0.000
NO. 14 GC DEP BTM  X X X 0 0 0 173 0 0 0 0 1.00 0.00 0.00 0.000 0.000
#4 Vacuum Gas Oil  X X X 0 0 0 0 0 0 0 0 0.00 0.00 0.00 0.000 0.000
No. 14 GC Cracked Gasoline  X X X 30 70 67 0 0 3,000 7,000 6,740 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel - Out of Service  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Diesel  X X X 0 0 0 0 0 0 0.8 0.8 0.00 0.00 0.00 0.000 0.000
Crude (CND)  X X X 0 11 11 0 0 0 1,140 1,140 0.00 0.00 0.00 0.000 0.000
Ethanol  X X X 0 0 0 2,321,796 0 0 0 0 17,444.73 0.00 0.00 0.000 0.000
NO. 4 Stab Light Straight Run  X X X 145 328 215 10,365 2 14,530 32,809 21,513 68.00 1.46 3.69 0.004 0.004


1,277,705,548 Total Annual Benzene (Mg/yr) 18.93
§61.342(e) Uncontrolled Benzene Quantity (Mg/yr) 5.04


1 The desalter flash effluent is included to provide a characterization of desalter effluent after exiting the flash drum. Desalter effluent benzene loading is a TAB entry; desalter flash effluent is not. The water phase of the desalter flash effluent ultimately becomes uncontrolled, after oil removal in controlled 
   thus, the water phase of desalter flash effluent is put toward the 6BQ quantification.
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APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 3, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on May 3, 2019, and lasted 
intermittently from approximately 0148 hours to 0852 hours later that morning. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 0.75 tons (~1,501 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 







 


 
Response:  


 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 
consistent with minimizing the duration and emissions from the Incident.  


   
  


iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 
of that Acid Gas Flaring Incident, to the extent determinable; 


  
Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 3, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident 
Type:  


Hydrocarbon 
Flaring  


Incident Start 
Date: 


May 3, 2019 Time: ~ 0148 hours 


Incident End 
Date: 


May 3, 2019 Time:  ~ 0852 hours 


Investigation 
Start Date: 


May 3, 2019 
Incident 
Duration: 


425 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 1,501 tons: 0.75 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


5/3/2019 0148-0852 hours^ 425 LP Flare (SN-823) 
^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Jeff Carr Operations Manager (Acting) 
2. Tony Hooks Production Superintendent 
3. Cody Dykes Process Engineer 
4. Danny Smeltzer Area 1 Operations Manager 
5. Alex Hulsey Environmental Specialist 


 
 
Incident Date, Time, & Emissions: 
 
On May 3, 2019, Low Pressure (LP) Flare (Emission Source Number SN-823) emissions 
associated with this hydrocarbon (HC) flaring incident began at approximately 0148 hours and 
occurred intermittently until 0852 hours later that morning.  During this period, the El Dorado 
Refinery (EDR) released approximately 1,501 pounds (0.75 tons) of sulfur dioxide (SO2) based on 
the equations presented in the Consent Decree for determining SO2 releases from HC flaring.  The 
initial investigation of this incident commenced on May 3, 2019.   
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (May 3, 2019) 
Investigation and Root Cause 
 
 
 
Investigation and Analysis: 
 
On May 3, 2019, at approximately 0134 hours the MSAT Overhead Receiver level started to rise 
rapidly and flow into the unit’s flare drum as designed.  This condition persisted which caused the 
MSAT Flare Drum to carryover liquid into the refinery LP Flare Knockout Drum.  The increased 
level in the LP Flare Knockout Drum shut down the Flare Gas Recovery Unit (FGRU) 
Compressors as designed.  Flaring occurred once the FGRU Compressors shut down. 
 
Root Cause: 
    
The level control device on the MSAT Unit Flare Drum (04LC3152) was not working properly 
and did not give notification that the drum level was rising. 
 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


Write work order and ensure 
04LC3152 is working properly.  


Maintenance inspected the control 
valve for damage and stroked 
actuating shaft to avoid valve 


sticking as well as ensure proper 
functionality.  No valve impairments 


were identified.   


Jeff Carr 
Operations 


Manager (Acting) 
 


5/4/19 5/10/19 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(May 3, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


Low Pressure Flare (SN-823) 0.75 


Event (Total) ~ 0.75 


Average SO2 
Emission Rate 


(lb/hr) 


Low Pressure Flare (SN-823) 212.4 


Event (Total) 212.4 


 
 
The event data that populated the table above is as follows for the Low Pressure Flare (SN-823). 
 


Low Pressure Flare (SN-823) 


Date/Time 
Flare Volumetric 


Flow 
H2S 


Content 
Amount of SO2 Emission Rate 


scfm % tons lb SO2/min 


Source of Data: PI Lab Calculation Calculation 


5/3/2019 1:48 AM 3.10 7.44 0.00002 0.03891 
5/3/2019 1:49 AM 182.28 7.44 0.00114 2.29134 
5/3/2019 1:50 AM 216.67 7.44 0.00136 2.72364 
5/3/2019 1:51 AM 229.91 7.44 0.00144 2.88999 
5/3/2019 1:52 AM 196.44 7.44 0.00123 2.46927 
5/3/2019 1:53 AM 185.95 7.44 0.00117 2.33738 
5/3/2019 1:54 AM 229.94 7.44 0.00144 2.89041 
5/3/2019 1:55 AM 243.05 7.75 0.00159 3.18254 
5/3/2019 1:56 AM 219.53 7.75 0.00144 2.87450 
5/3/2019 1:57 AM 243.40 7.75 0.00159 3.18707 
5/3/2019 1:58 AM 213.71 7.75 0.00140 2.79831 
5/3/2019 1:59 AM 222.84 7.75 0.00146 2.91786 
5/3/2019 2:00 AM 183.53 7.75 0.00120 2.40319 
5/3/2019 2:01 AM 143.46 7.75 0.00094 1.87848 
5/3/2019 2:02 AM 164.06 7.75 0.00107 2.14827 
5/3/2019 2:03 AM 194.81 7.75 0.00127 2.55086 
5/3/2019 2:04 AM 195.82 7.75 0.00128 2.56410 
5/3/2019 2:05 AM 197.63 7.75 0.00129 2.58781 







5/3/2019 2:06 AM 182.46 7.75 0.00119 2.38920 
5/3/2019 2:07 AM 192.26 7.75 0.00126 2.51750 
5/3/2019 2:08 AM 195.64 7.75 0.00128 2.56168 
5/3/2019 2:09 AM 189.63 7.75 0.00124 2.48304 
5/3/2019 2:10 AM 192.54 7.75 0.00126 2.52109 
5/3/2019 2:11 AM 185.32 7.75 0.00121 2.42654 
5/3/2019 2:12 AM 183.73 7.75 0.00120 2.40574 
5/3/2019 2:13 AM 185.39 7.75 0.00121 2.42747 
5/3/2019 2:14 AM 179.39 7.75 0.00117 2.34890 
5/3/2019 2:15 AM 166.61 7.75 0.00109 2.18155 
5/3/2019 2:16 AM 187.26 7.75 0.00122 2.45201 
5/3/2019 2:17 AM 199.41 7.75 0.00130 2.61116 
5/3/2019 2:18 AM 158.29 7.75 0.00104 2.07267 
5/3/2019 2:19 AM 163.48 7.75 0.00107 2.14067 
5/3/2019 2:20 AM 184.25 7.75 0.00120 2.41261 
5/3/2019 2:21 AM 199.76 7.75 0.00131 2.61570 
5/3/2019 2:22 AM 209.42 7.75 0.00137 2.74220 
5/3/2019 2:23 AM 186.57 7.75 0.00122 2.44301 
5/3/2019 2:24 AM 166.17 7.75 0.00109 2.17584 
5/3/2019 2:25 AM 157.61 7.75 0.00103 2.06377 
5/3/2019 2:26 AM 142.99 7.75 0.00094 1.87239 
5/3/2019 2:27 AM 199.11 7.75 0.00130 2.60716 
5/3/2019 2:28 AM 175.98 7.75 0.00115 2.30432 
5/3/2019 2:29 AM 149.97 7.75 0.00098 1.96377 
5/3/2019 2:30 AM 127.11 7.75 0.00083 1.66435 
5/3/2019 2:31 AM 147.30 7.75 0.00096 1.92880 
5/3/2019 2:32 AM 147.35 7.75 0.00096 1.92944 
5/3/2019 2:33 AM 166.42 7.75 0.00109 2.17907 
5/3/2019 2:34 AM 179.74 7.75 0.00118 2.35357 
5/3/2019 2:35 AM 184.31 7.75 0.00121 2.41344 
5/3/2019 2:36 AM 161.27 7.75 0.00105 2.11164 
5/3/2019 2:37 AM 174.36 7.75 0.00114 2.28306 
5/3/2019 2:38 AM 179.09 7.75 0.00117 2.34500 
5/3/2019 2:39 AM 173.11 7.75 0.00113 2.26668 
5/3/2019 2:40 AM 181.67 7.75 0.00119 2.37882 
5/3/2019 2:41 AM 164.50 7.75 0.00108 2.15393 
5/3/2019 2:42 AM 161.10 7.75 0.00105 2.10945 
5/3/2019 2:43 AM 180.59 7.75 0.00118 2.36471 
5/3/2019 2:44 AM 191.78 7.75 0.00125 2.51123 
5/3/2019 2:45 AM 176.59 7.75 0.00115 2.31225 
5/3/2019 2:46 AM 147.47 7.75 0.00096 1.93102 
5/3/2019 2:47 AM 160.32 7.75 0.00105 2.09921 
5/3/2019 2:48 AM 173.38 7.75 0.00113 2.27029 
5/3/2019 2:49 AM 169.51 7.75 0.00111 2.21959 
5/3/2019 2:50 AM 180.76 7.75 0.00118 2.36693 







5/3/2019 2:51 AM 185.65 7.75 0.00121 2.43092 
5/3/2019 2:52 AM 200.69 7.75 0.00131 2.62790 
5/3/2019 2:53 AM 190.16 7.75 0.00124 2.48997 
5/3/2019 2:54 AM 207.88 6.82 0.00120 2.39669 
5/3/2019 2:55 AM 172.58 6.82 0.00099 1.98968 
5/3/2019 2:56 AM 182.60 6.82 0.00105 2.10525 
5/3/2019 2:57 AM 168.31 6.82 0.00097 1.94053 
5/3/2019 2:58 AM 175.00 6.82 0.00101 2.01766 
5/3/2019 2:59 AM 191.80 6.82 0.00110 2.21133 
5/3/2019 3:00 AM 150.21 6.82 0.00086 1.73176 
5/3/2019 3:01 AM 169.98 6.82 0.00098 1.95976 
5/3/2019 3:02 AM 172.98 6.82 0.00100 1.99436 
5/3/2019 3:03 AM 179.37 6.82 0.00103 2.06794 
5/3/2019 3:04 AM 158.59 6.82 0.00091 1.82846 
5/3/2019 3:05 AM 148.52 6.82 0.00086 1.71234 
5/3/2019 3:06 AM 159.13 6.82 0.00092 1.83464 
5/3/2019 3:07 AM 172.00 6.82 0.00099 1.98302 
5/3/2019 3:08 AM 162.89 6.82 0.00094 1.87795 
5/3/2019 3:09 AM 159.42 6.82 0.00092 1.83798 
5/3/2019 3:10 AM 176.33 6.82 0.00102 2.03291 
5/3/2019 3:11 AM 160.80 6.82 0.00093 1.85393 
5/3/2019 3:12 AM 183.79 6.82 0.00106 2.11890 
5/3/2019 3:13 AM 146.53 6.82 0.00084 1.68934 
5/3/2019 3:14 AM 175.64 6.82 0.00101 2.02495 
5/3/2019 3:15 AM 128.30 6.82 0.00074 1.47916 
5/3/2019 3:16 AM 156.68 6.82 0.00090 1.80639 
5/3/2019 3:17 AM 136.03 6.82 0.00078 1.56830 
5/3/2019 3:18 AM 113.23 6.82 0.00065 1.30544 
5/3/2019 3:19 AM 145.08 6.82 0.00084 1.67269 
5/3/2019 3:20 AM 160.02 6.82 0.00092 1.84485 
5/3/2019 3:21 AM 152.23 6.82 0.00088 1.75506 
5/3/2019 3:22 AM 157.14 6.82 0.00090 1.81174 
5/3/2019 3:23 AM 160.58 6.82 0.00092 1.85136 
5/3/2019 3:24 AM 157.34 6.82 0.00091 1.81397 
5/3/2019 3:25 AM 144.21 6.82 0.00083 1.66259 
5/3/2019 3:26 AM 201.85 6.82 0.00116 2.32713 
5/3/2019 3:27 AM 161.03 6.82 0.00093 1.85650 
5/3/2019 3:28 AM 153.99 6.82 0.00089 1.77537 
5/3/2019 3:29 AM 166.95 6.82 0.00096 1.92485 
5/3/2019 3:30 AM 169.14 6.82 0.00097 1.95006 
5/3/2019 3:31 AM 152.09 6.82 0.00088 1.75342 
5/3/2019 3:32 AM 92.84 6.82 0.00053 1.07035 
5/3/2019 3:33 AM 159.01 6.82 0.00092 1.83331 
5/3/2019 3:34 AM 164.78 6.82 0.00095 1.89974 
5/3/2019 3:35 AM 160.91 6.82 0.00093 1.85516 







5/3/2019 3:36 AM 140.26 6.82 0.00081 1.61714 
5/3/2019 3:37 AM 158.18 6.82 0.00091 1.82373 
5/3/2019 3:38 AM 188.72 6.82 0.00109 2.17574 
5/3/2019 3:39 AM 217.20 6.82 0.00125 2.50409 
5/3/2019 3:40 AM 195.16 6.82 0.00112 2.25009 
5/3/2019 3:41 AM 198.19 6.82 0.00114 2.28500 
5/3/2019 3:42 AM 172.20 6.82 0.00099 1.98535 
5/3/2019 3:43 AM 164.04 6.82 0.00094 1.89130 
5/3/2019 3:44 AM 175.58 6.82 0.00101 2.02424 
5/3/2019 3:45 AM 152.01 6.82 0.00088 1.75250 
5/3/2019 3:46 AM 160.89 6.82 0.00093 1.85496 
5/3/2019 3:47 AM 187.92 6.82 0.00108 2.16656 
5/3/2019 3:48 AM 176.65 6.82 0.00102 2.03665 
5/3/2019 3:49 AM 176.59 6.82 0.00102 2.03589 
5/3/2019 3:50 AM 149.34 6.82 0.00086 1.72176 
5/3/2019 3:51 AM 197.37 6.82 0.00114 2.27556 
5/3/2019 3:52 AM 194.50 6.82 0.00112 2.24240 
5/3/2019 3:53 AM 210.61 6.82 0.00121 2.42813 
5/3/2019 3:54 AM 191.05 17.93 0.00289 5.78824 
5/3/2019 3:55 AM 153.62 17.93 0.00232 4.65419 
5/3/2019 3:56 AM 157.14 17.93 0.00238 4.76096 
5/3/2019 3:57 AM 173.34 17.93 0.00262 5.25153 
5/3/2019 3:58 AM 178.55 17.93 0.00270 5.40934 
5/3/2019 3:59 AM 141.40 17.93 0.00214 4.28404 
5/3/2019 4:00 AM 181.81 17.93 0.00275 5.50808 
5/3/2019 4:01 AM 197.10 17.93 0.00298 5.97158 
5/3/2019 4:02 AM 176.05 17.93 0.00266 5.33372 
5/3/2019 4:03 AM 175.43 17.93 0.00265 5.31479 
5/3/2019 4:04 AM 151.57 17.93 0.00229 4.59192 
5/3/2019 4:05 AM 205.71 17.93 0.00311 6.23230 
5/3/2019 4:06 AM 144.78 17.93 0.00219 4.38637 
5/3/2019 4:07 AM 161.71 17.93 0.00245 4.89917 
5/3/2019 4:08 AM 150.47 17.93 0.00228 4.55882 
5/3/2019 4:09 AM 199.98 17.93 0.00303 6.05867 
5/3/2019 4:10 AM 182.64 17.93 0.00276 5.53346 
5/3/2019 4:11 AM 173.39 17.93 0.00262 5.25315 
5/3/2019 4:12 AM 189.26 17.93 0.00286 5.73402 
5/3/2019 4:13 AM 173.54 17.93 0.00263 5.25781 
5/3/2019 4:14 AM 178.82 17.93 0.00271 5.41766 
5/3/2019 4:15 AM 174.20 17.93 0.00264 5.27756 
5/3/2019 4:16 AM 175.70 17.93 0.00266 5.32299 
5/3/2019 4:17 AM 178.54 17.93 0.00270 5.40917 
5/3/2019 4:18 AM 163.42 17.93 0.00247 4.95113 
5/3/2019 4:19 AM 158.32 17.93 0.00240 4.79648 
5/3/2019 4:20 AM 149.79 17.93 0.00227 4.53809 







5/3/2019 4:21 AM 144.43 17.93 0.00219 4.37560 
5/3/2019 4:22 AM 166.65 17.93 0.00252 5.04879 
5/3/2019 4:23 AM 196.94 17.93 0.00298 5.96652 
5/3/2019 4:24 AM 170.60 17.93 0.00258 5.16860 
5/3/2019 4:25 AM 192.41 17.93 0.00291 5.82923 
5/3/2019 4:26 AM 207.69 17.93 0.00314 6.29229 
5/3/2019 4:27 AM 153.29 17.93 0.00232 4.64429 
5/3/2019 4:28 AM 131.74 17.93 0.00199 3.99137 
5/3/2019 4:29 AM 171.65 17.93 0.00260 5.20048 
5/3/2019 4:30 AM 175.32 17.93 0.00265 5.31175 
5/3/2019 4:31 AM 179.58 17.93 0.00272 5.44059 
5/3/2019 4:32 AM 187.02 17.93 0.00283 5.66607 
5/3/2019 4:33 AM 172.49 17.93 0.00261 5.22575 
5/3/2019 4:34 AM 178.69 17.93 0.00270 5.41379 
5/3/2019 4:35 AM 154.49 17.93 0.00234 4.68054 
5/3/2019 4:36 AM 167.23 17.93 0.00253 5.06647 
5/3/2019 4:37 AM 163.04 17.93 0.00247 4.93966 
5/3/2019 4:38 AM 172.71 17.93 0.00261 5.23251 
5/3/2019 4:39 AM 157.41 17.93 0.00238 4.76900 
5/3/2019 4:40 AM 240.16 17.93 0.00363 7.27603 
5/3/2019 4:41 AM 198.49 17.93 0.00300 6.01373 
5/3/2019 4:42 AM 182.05 17.93 0.00275 5.51564 
5/3/2019 4:43 AM 150.33 17.93 0.00227 4.55454 
5/3/2019 4:44 AM 161.50 17.93 0.00244 4.89288 
5/3/2019 4:45 AM 179.42 17.93 0.00271 5.43585 
5/3/2019 4:46 AM 215.65 17.93 0.00326 6.53353 
5/3/2019 4:47 AM 164.31 17.93 0.00249 4.97801 
5/3/2019 4:48 AM 165.89 17.93 0.00251 5.02590 
5/3/2019 4:49 AM 169.12 17.93 0.00256 5.12363 
5/3/2019 4:50 AM 178.96 17.93 0.00271 5.42185 
5/3/2019 4:51 AM 178.77 17.93 0.00270 5.41621 
5/3/2019 4:52 AM 162.04 17.93 0.00245 4.90913 
5/3/2019 4:53 AM 169.85 17.93 0.00257 5.14594 
5/3/2019 4:54 AM 170.19 18.36 0.00264 5.27964 
5/3/2019 4:55 AM 173.20 18.36 0.00268 5.37289 
5/3/2019 4:56 AM 202.96 18.36 0.00314 6.29621 
5/3/2019 4:57 AM 187.38 18.36 0.00290 5.81299 
5/3/2019 4:58 AM 172.36 18.36 0.00267 5.34700 
5/3/2019 4:59 AM 167.36 18.36 0.00259 5.19169 
5/3/2019 5:00 AM 181.17 18.36 0.00281 5.62032 
5/3/2019 5:01 AM 154.18 18.36 0.00239 4.78289 
5/3/2019 5:02 AM 176.37 18.36 0.00273 5.47127 
5/3/2019 5:03 AM 154.01 18.36 0.00239 4.77750 
5/3/2019 5:04 AM 189.02 18.36 0.00293 5.86362 
5/3/2019 5:05 AM 190.61 18.36 0.00295 5.91297 







5/3/2019 5:06 AM 173.03 18.36 0.00268 5.36759 
5/3/2019 5:07 AM 204.18 18.36 0.00316 6.33402 
5/3/2019 5:08 AM 188.56 18.36 0.00292 5.84938 
5/3/2019 5:09 AM 188.72 18.36 0.00292 5.85450 
5/3/2019 5:10 AM 214.46 18.36 0.00332 6.65305 
5/3/2019 5:11 AM 199.83 18.36 0.00310 6.19893 
5/3/2019 5:12 AM 170.86 18.36 0.00265 5.30048 
5/3/2019 5:13 AM 185.98 18.36 0.00288 5.76946 
5/3/2019 5:14 AM 137.80 18.36 0.00213 4.27471 
5/3/2019 5:15 AM 178.63 18.36 0.00277 5.54132 
5/3/2019 5:16 AM 164.86 18.36 0.00255 5.11432 
5/3/2019 5:17 AM 191.78 18.36 0.00297 5.94927 
5/3/2019 5:18 AM 164.30 18.36 0.00255 5.09675 
5/3/2019 5:19 AM 176.23 18.36 0.00273 5.46684 
5/3/2019 5:20 AM 182.94 18.36 0.00283 5.67521 
5/3/2019 5:21 AM 196.74 18.36 0.00305 6.10316 
5/3/2019 5:22 AM 173.17 18.36 0.00268 5.37216 
5/3/2019 5:23 AM 169.27 18.36 0.00262 5.25117 
5/3/2019 5:24 AM 163.09 18.36 0.00253 5.05938 
5/3/2019 5:25 AM 146.94 18.36 0.00228 4.55818 
5/3/2019 5:26 AM 135.14 18.36 0.00209 4.19219 
5/3/2019 5:27 AM 151.71 18.36 0.00235 4.70639 
5/3/2019 5:28 AM 164.78 18.36 0.00255 5.11177 
5/3/2019 5:29 AM 162.33 18.36 0.00251 5.03590 
5/3/2019 5:30 AM 163.90 18.36 0.00254 5.08438 
5/3/2019 5:31 AM 186.23 18.36 0.00289 5.77708 
5/3/2019 5:32 AM 186.89 18.36 0.00290 5.79753 
5/3/2019 5:33 AM 178.74 18.36 0.00277 5.54468 
5/3/2019 5:34 AM 175.52 18.36 0.00272 5.44488 
5/3/2019 5:35 AM 198.74 18.36 0.00308 6.16531 
5/3/2019 5:36 AM 186.52 18.36 0.00289 5.78620 
5/3/2019 5:37 AM 182.77 18.36 0.00283 5.66984 
5/3/2019 5:38 AM 177.02 18.36 0.00274 5.49142 
5/3/2019 5:39 AM 184.31 18.36 0.00286 5.71771 
5/3/2019 5:40 AM 167.49 18.36 0.00259 5.19578 
5/3/2019 5:41 AM 176.53 18.36 0.00273 5.47640 
5/3/2019 5:42 AM 178.90 18.36 0.00277 5.54975 
5/3/2019 5:43 AM 166.92 18.36 0.00259 5.17821 
5/3/2019 5:44 AM 155.21 18.36 0.00240 4.81482 
5/3/2019 5:45 AM 154.65 18.36 0.00240 4.79754 
5/3/2019 5:46 AM 162.77 18.36 0.00252 5.04926 
5/3/2019 5:47 AM 136.53 18.36 0.00212 4.23525 
5/3/2019 5:48 AM 145.23 18.36 0.00225 4.50543 
5/3/2019 5:49 AM 146.53 18.36 0.00227 4.54559 
5/3/2019 5:50 AM 135.32 18.36 0.00210 4.19798 







5/3/2019 5:51 AM 161.43 18.36 0.00250 5.00785 
5/3/2019 5:52 AM 194.54 18.36 0.00301 6.03481 
5/3/2019 5:53 AM 181.71 18.36 0.00282 5.63698 
5/3/2019 5:54 AM 146.05 9.47 0.00117 2.33671 
5/3/2019 5:55 AM 157.15 9.47 0.00126 2.51429 
5/3/2019 5:56 AM 147.13 9.47 0.00118 2.35403 
5/3/2019 5:57 AM 146.02 9.47 0.00117 2.33619 
5/3/2019 5:58 AM 154.72 9.47 0.00124 2.47536 
5/3/2019 5:59 AM 170.97 9.47 0.00137 2.73543 
5/3/2019 6:00 AM 135.91 9.47 0.00109 2.17449 
5/3/2019 6:01 AM 104.78 9.47 0.00084 1.67635 
5/3/2019 6:02 AM 145.64 9.47 0.00116 2.33013 
5/3/2019 6:03 AM 152.97 9.47 0.00122 2.44737 
5/3/2019 6:04 AM 156.32 9.47 0.00125 2.50101 
5/3/2019 6:05 AM 133.40 9.47 0.00107 2.13426 
5/3/2019 6:06 AM 122.71 9.47 0.00098 1.96323 
5/3/2019 6:07 AM 146.33 9.47 0.00117 2.34111 
5/3/2019 6:08 AM 173.23 9.47 0.00138 2.77150 
5/3/2019 6:09 AM 121.70 9.47 0.00097 1.94705 
5/3/2019 6:10 AM 123.59 9.47 0.00099 1.97727 
5/3/2019 6:11 AM 148.79 9.47 0.00119 2.38059 
5/3/2019 6:12 AM 165.63 9.47 0.00132 2.64988 
5/3/2019 6:13 AM 140.61 9.47 0.00112 2.24970 
5/3/2019 6:14 AM 128.20 9.47 0.00102 2.05106 
5/3/2019 6:15 AM 141.12 9.47 0.00113 2.25785 
5/3/2019 6:16 AM 145.17 9.47 0.00116 2.32264 
5/3/2019 6:17 AM 164.16 9.47 0.00131 2.62642 
5/3/2019 6:18 AM 149.87 9.47 0.00120 2.39786 
5/3/2019 6:19 AM 160.58 9.47 0.00128 2.56919 
5/3/2019 6:20 AM 183.48 9.47 0.00147 2.93562 
5/3/2019 6:21 AM 127.50 9.47 0.00102 2.03997 
5/3/2019 6:22 AM 159.44 9.47 0.00127 2.55096 
5/3/2019 6:23 AM 125.23 9.47 0.00100 2.00360 
5/3/2019 6:24 AM 116.75 9.47 0.00093 1.86797 
5/3/2019 6:25 AM 147.68 9.47 0.00118 2.36272 
5/3/2019 6:26 AM 156.75 9.47 0.00125 2.50782 
5/3/2019 6:27 AM 165.46 9.47 0.00132 2.64720 
5/3/2019 6:28 AM 146.87 9.47 0.00117 2.34988 
5/3/2019 6:29 AM 147.68 9.47 0.00118 2.36278 
5/3/2019 6:30 AM 128.63 9.47 0.00103 2.05794 
5/3/2019 6:31 AM 136.91 9.47 0.00109 2.19044 
5/3/2019 6:32 AM 116.49 9.47 0.00093 1.86380 
5/3/2019 6:33 AM 136.02 9.47 0.00109 2.17628 
5/3/2019 6:34 AM 103.09 9.47 0.00082 1.64937 
5/3/2019 6:35 AM 112.27 9.47 0.00090 1.79616 







5/3/2019 6:36 AM 116.66 9.47 0.00093 1.86649 
5/3/2019 6:37 AM 140.08 9.47 0.00112 2.24119 
5/3/2019 6:38 AM 163.66 9.47 0.00131 2.61840 
5/3/2019 6:39 AM 143.23 9.47 0.00114 2.29162 
5/3/2019 6:40 AM 123.73 9.47 0.00099 1.97963 
5/3/2019 6:41 AM 138.84 9.47 0.00111 2.22137 
5/3/2019 6:42 AM 190.10 9.47 0.00152 3.04144 
5/3/2019 6:43 AM 173.21 9.47 0.00138 2.77129 
5/3/2019 6:44 AM 147.17 9.47 0.00118 2.35460 
5/3/2019 6:45 AM 148.23 9.47 0.00118 2.37163 
5/3/2019 6:46 AM 152.20 9.47 0.00122 2.43511 
5/3/2019 6:47 AM 149.22 9.47 0.00119 2.38736 
5/3/2019 6:48 AM 131.24 9.47 0.00105 2.09974 
5/3/2019 6:49 AM 136.99 9.47 0.00109 2.19168 
5/3/2019 6:50 AM 143.61 9.47 0.00115 2.29757 
5/3/2019 6:51 AM 125.64 9.47 0.00100 2.01014 
5/3/2019 6:52 AM 158.81 9.47 0.00127 2.54091 
5/3/2019 6:53 AM 138.04 9.47 0.00110 2.20846 
5/3/2019 6:54 AM 116.39 9.95 0.00098 1.95637 
5/3/2019 6:55 AM 152.82 9.95 0.00128 2.56871 
5/3/2019 6:56 AM 151.05 9.95 0.00127 2.53893 
5/3/2019 6:57 AM 146.32 9.95 0.00123 2.45951 
5/3/2019 6:58 AM 119.95 9.95 0.00101 2.01613 
5/3/2019 6:59 AM 142.06 9.95 0.00119 2.38784 
5/3/2019 7:00 AM 105.96 9.95 0.00089 1.78109 
5/3/2019 7:01 AM 145.53 9.95 0.00122 2.44622 
5/3/2019 7:02 AM 114.11 9.95 0.00096 1.91804 
5/3/2019 7:03 AM 124.80 9.95 0.00105 2.09777 
5/3/2019 7:04 AM 140.50 9.95 0.00118 2.36166 
5/3/2019 7:05 AM 112.27 9.95 0.00094 1.88715 
5/3/2019 7:06 AM 110.68 9.95 0.00093 1.86047 
5/3/2019 7:07 AM 120.29 9.95 0.00101 2.02187 
5/3/2019 7:08 AM 93.66 9.95 0.00079 1.57435 
5/3/2019 7:09 AM 126.50 9.95 0.00106 2.12631 
5/3/2019 7:10 AM 128.57 9.95 0.00108 2.16102 
5/3/2019 7:11 AM 111.98 9.95 0.00094 1.88224 
5/3/2019 7:12 AM 150.52 9.95 0.00126 2.52998 
5/3/2019 7:13 AM 189.19 9.95 0.00159 3.18007 
5/3/2019 7:14 AM 120.18 9.95 0.00101 2.02008 
5/3/2019 7:15 AM 150.67 9.95 0.00126 2.53257 
5/3/2019 7:16 AM 146.37 9.95 0.00123 2.46030 
5/3/2019 7:17 AM 190.25 9.95 0.00160 3.19791 
5/3/2019 7:18 AM 194.68 9.95 0.00163 3.27232 
5/3/2019 7:19 AM 161.24 9.95 0.00135 2.71017 
5/3/2019 7:20 AM 155.93 9.95 0.00131 2.62096 







5/3/2019 7:21 AM 170.23 9.95 0.00143 2.86132 
5/3/2019 7:22 AM 128.27 9.95 0.00108 2.15605 
5/3/2019 7:23 AM 156.28 9.95 0.00131 2.62682 
5/3/2019 7:24 AM 160.77 9.95 0.00135 2.70239 
5/3/2019 7:25 AM 189.99 9.95 0.00159 3.19341 
5/3/2019 7:26 AM 175.83 9.95 0.00148 2.95554 
5/3/2019 7:27 AM 166.14 9.95 0.00139 2.79254 
5/3/2019 7:28 AM 127.27 9.95 0.00107 2.13931 
5/3/2019 7:29 AM 125.72 9.95 0.00106 2.11313 
5/3/2019 7:30 AM 164.68 9.95 0.00138 2.76800 
5/3/2019 7:31 AM 167.69 9.95 0.00141 2.81859 
5/3/2019 7:32 AM 161.45 9.95 0.00136 2.71380 
5/3/2019 7:33 AM 145.53 9.95 0.00122 2.44623 
5/3/2019 7:34 AM 143.07 9.95 0.00120 2.40487 
5/3/2019 7:35 AM 152.57 9.95 0.00128 2.56449 
5/3/2019 7:36 AM 142.15 9.95 0.00119 2.38932 
5/3/2019 7:37 AM 130.53 9.95 0.00110 2.19397 
5/3/2019 7:38 AM 171.61 9.95 0.00144 2.88446 
5/3/2019 7:39 AM 206.06 9.95 0.00173 3.46365 
5/3/2019 7:40 AM 136.34 9.95 0.00114 2.29170 
5/3/2019 7:41 AM 125.32 9.95 0.00105 2.10648 
5/3/2019 7:42 AM 136.09 9.95 0.00114 2.28743 
5/3/2019 7:43 AM 169.29 9.95 0.00142 2.84556 
5/3/2019 7:44 AM 159.71 9.95 0.00134 2.68452 
5/3/2019 7:45 AM 154.43 9.95 0.00130 2.59576 
5/3/2019 7:46 AM 146.46 9.95 0.00123 2.46176 
5/3/2019 7:47 AM 169.28 9.95 0.00142 2.84543 
5/3/2019 7:48 AM 160.62 9.95 0.00135 2.69980 
5/3/2019 7:49 AM 203.41 9.95 0.00171 3.41902 
5/3/2019 7:50 AM 149.58 9.95 0.00126 2.51424 
5/3/2019 7:51 AM 161.28 9.95 0.00135 2.71084 
5/3/2019 7:52 AM 190.92 9.95 0.00160 3.20918 
5/3/2019 7:53 AM 209.79 9.95 0.00176 3.52630 
5/3/2019 7:54 AM 188.83 18.10 0.00289 5.77685 
5/3/2019 7:55 AM 182.47 18.10 0.00279 5.58208 
5/3/2019 7:56 AM 169.64 18.10 0.00259 5.18977 
5/3/2019 7:57 AM 154.52 18.10 0.00236 4.72706 
5/3/2019 7:58 AM 151.14 18.10 0.00231 4.62368 
5/3/2019 7:59 AM 192.21 18.10 0.00294 5.88007 
5/3/2019 8:00 AM 191.39 18.10 0.00292 5.85496 
5/3/2019 8:01 AM 156.19 18.10 0.00239 4.77825 
5/3/2019 8:02 AM 169.96 18.10 0.00260 5.19940 
5/3/2019 8:03 AM 182.28 18.10 0.00278 5.57653 
5/3/2019 8:04 AM 114.48 18.10 0.00175 3.50208 
5/3/2019 8:05 AM 192.80 18.10 0.00295 5.89824 







5/3/2019 8:06 AM 209.79 18.10 0.00321 6.41807 
5/3/2019 8:07 AM 177.40 18.10 0.00271 5.42710 
5/3/2019 8:08 AM 204.24 18.10 0.00312 6.24826 
5/3/2019 8:09 AM 155.05 18.10 0.00237 4.74347 
5/3/2019 8:10 AM 162.33 18.10 0.00248 4.96593 
5/3/2019 8:11 AM 180.70 18.10 0.00276 5.52792 
5/3/2019 8:12 AM 153.24 18.10 0.00234 4.68799 
5/3/2019 8:13 AM 161.91 18.10 0.00247 4.95332 
5/3/2019 8:14 AM 154.29 18.10 0.00236 4.72007 
5/3/2019 8:15 AM 171.39 18.10 0.00262 5.24317 
5/3/2019 8:16 AM 173.26 18.10 0.00265 5.30057 
5/3/2019 8:17 AM 194.50 18.10 0.00297 5.95026 
5/3/2019 8:18 AM 155.83 18.10 0.00238 4.76708 
5/3/2019 8:19 AM 148.60 18.10 0.00227 4.54605 
5/3/2019 8:20 AM 197.48 18.10 0.00302 6.04136 
5/3/2019 8:21 AM 198.38 18.10 0.00303 6.06907 
5/3/2019 8:22 AM 211.92 18.10 0.00324 6.48313 
5/3/2019 8:23 AM 185.32 18.10 0.00283 5.66939 
5/3/2019 8:24 AM 172.23 18.10 0.00263 5.26879 
5/3/2019 8:25 AM 176.33 18.10 0.00269 5.39449 
5/3/2019 8:26 AM 173.77 18.10 0.00265 5.31593 


5/3/2019 8:27 AM 178.39 18.10 0.00273 5.45741 
5/3/2019 8:28 AM 151.21 18.10 0.00231 4.62590 
5/3/2019 8:29 AM 129.64 18.10 0.00198 3.96590 
5/3/2019 8:30 AM 166.71 18.10 0.00255 5.10012 
5/3/2019 8:31 AM 170.11 18.10 0.00260 5.20394 
5/3/2019 8:32 AM 159.12 18.10 0.00243 4.86787 
5/3/2019 8:33 AM 171.69 18.10 0.00262 5.25231 
5/3/2019 8:34 AM 157.45 18.10 0.00241 4.81681 
5/3/2019 8:35 AM 167.44 18.10 0.00256 5.12225 
5/3/2019 8:36 AM 196.27 18.10 0.00300 6.00448 
5/3/2019 8:37 AM 159.51 18.10 0.00244 4.87983 
5/3/2019 8:38 AM 183.70 18.10 0.00281 5.61991 
5/3/2019 8:39 AM 160.82 18.10 0.00246 4.91993 
5/3/2019 8:40 AM 202.19 18.10 0.00309 6.18558 
5/3/2019 8:41 AM 170.19 18.10 0.00260 5.20656 
5/3/2019 8:42 AM 181.48 18.10 0.00277 5.55185 
5/3/2019 8:43 AM 201.50 18.10 0.00308 6.16447 
5/3/2019 8:44 AM 164.87 18.10 0.00252 5.04386 
5/3/2019 8:45 AM 166.66 18.10 0.00255 5.09856 
5/3/2019 8:46 AM 194.68 18.10 0.00297 5.95576 
5/3/2019 8:47 AM 206.82 18.10 0.00316 6.32714 
5/3/2019 8:48 AM 229.83 18.10 0.00351 7.03116 
5/3/2019 8:49 AM 184.76 18.10 0.00282 5.65221 
5/3/2019 8:50 AM 210.21 18.10 0.00321 6.43082 







5/3/2019 8:51 AM 55.68 18.10 0.00085 1.70335 
5/3/2019 8:52 AM 0.13 18.10 0.00000 0.00392 


 
















 


 


 


 


 
APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 7, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on May 7, 2019, and lasted 
intermittently from approximately 0041 hours to 1435 hours. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 0.499 tons (~998 pounds) of sulfur dioxide was emitted during 
the Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 







 


 
Response:  


 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 
consistent with minimizing the duration and emissions from the Incident.  


    
iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 


of that Acid Gas Flaring Incident, to the extent determinable; 
  


Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 7, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident 
Type:  


Hydrocarbon 
Flaring  


Incident Start 
Date: 


May 7, 2019 Time: ~ 0041 hours 


Incident End 
Date: 


May 7, 2019 Time:  ~ 1435 hours 


Investigation 
Start Date: 


May 7, 2019 
Incident 
Duration: 


228 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 998 tons: 0.499 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


5/7/2019 0041-1435 hours^ 228 LP Flare (SN-823) 
^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Jeff Carr Operations Manager (Acting) 
2. Daniel Simpson Unit Supervisor 
3. Cody Dykes Process Engineer 
4. Kevin Thomas Shift Supervisor 
5. Alex Hulsey Environmental Specialist 


 
 
Incident Date, Time, & Emissions: 
 
On May 7, 2019, Low Pressure (LP) Flare (Emission Source Number SN-823) emissions 
associated with this hydrocarbon (HC) flaring incident began at approximately 0041 hours and 
occurred intermittently until 1435 hours later that same day.  During this period, the El Dorado 
Refinery (EDR) released approximately 998 pounds (0.499 tons) of sulfur dioxide (SO2) based on 
the equations presented in the Consent Decree for determining SO2 releases from HC flaring.  The 
initial investigation of this incident commenced on May 7, 2019.   
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (May 7, 2019) 
Investigation and Root Cause 
 
 
 
Investigation and Analysis: 
 
On May 6, 2019, a Fluid Catalytic Cracking Unit (FCCU) operator identified catalyst leaking from 
the nitrogen purge piping connected to the spent catalyst expansion joint.  The appropriate EDR 
personnel were notified and an on-stream repair plan was developed.  Before the on-stream repair 
could be safely implemented, the leak intensified necessitating the emergency shutdown of the 
FCCU; thus, leading to the LP flaring event. 
 
Root Cause: 
    
The nitrogen purge piping design was less than adequate, utilizing small bore piping unions which 
was the origin of the leak.  
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


  Replaced nitrogen purge piping 
and secured piping unions with a 


tack weld. 


Jeff Savage 
Maintenance 
Supervisor 


 
5/7/19 5/7/19 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(May 7, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


Low Pressure Flare (SN-823) 0.499 


Event (Total) ~ 0.499 


Average SO2 
Emission Rate 


(lb/hr) 


Low Pressure Flare (SN-823) 263.2 


Event (Total) 263.2 


 
 
The event data that populated the table above is as follows for the Low Pressure Flare (SN-823). 
 


Low Pressure Flare (SN-823) 


Date/Time 
Flare Volumetric 


Flow 
H2S 


Content 
Amount of SO2 Emission Rate 


scfm % tons lb SO2/min 


Source of Data: PI Lab Calculation Calculation 


5/7/2019 12:41 AM 378.61 20.21 0.00646 12.93132 
5/7/2019 12:53 AM 137.65 20.21 0.00235 4.70130 
5/7/2019 12:54 AM 753.48 20.21 0.01285 25.73509 


5/7/2019 12:55 AM 122.73 20.21 0.00209 4.19183 
5/7/2019 2:16 AM 1.06 13.73 0.00001 0.02464 
5/7/2019 2:17 AM 22.49 13.73 0.00026 0.52175 
5/7/2019 2:18 AM 34.46 13.73 0.00040 0.79966 
5/7/2019 2:19 AM 6.99 13.73 0.00008 0.16213 
5/7/2019 2:20 AM 71.50 13.73 0.00083 1.65903 
5/7/2019 2:21 AM 49.86 13.73 0.00058 1.15701 
5/7/2019 2:22 AM 1.78 13.73 0.00002 0.04129 


5/7/2019 10:59 AM 38.48 15.95 0.00052 1.03721 
5/7/2019 11:00 AM 162.56 15.95 0.00219 4.38192 
5/7/2019 11:01 AM 180.80 15.95 0.00243 4.87358 
5/7/2019 11:02 AM 129.98 15.95 0.00175 3.50373 
5/7/2019 11:03 AM 53.63 15.95 0.00072 1.44565 
5/7/2019 11:04 AM 68.60 15.95 0.00092 1.84905 
5/7/2019 11:05 AM 52.81 15.95 0.00071 1.42362 
5/7/2019 11:06 AM 67.57 15.95 0.00091 1.82148 







5/7/2019 11:07 AM 55.39 15.95 0.00075 1.49312 
5/7/2019 11:08 AM 58.67 15.95 0.00079 1.58156 
5/7/2019 11:09 AM 57.94 15.95 0.00078 1.56183 
5/7/2019 11:10 AM 27.31 15.95 0.00037 0.73606 
5/7/2019 11:11 AM 26.25 15.95 0.00035 0.70758 
5/7/2019 11:12 AM 24.23 15.95 0.00033 0.65307 
5/7/2019 11:13 AM 26.89 15.95 0.00036 0.72475 
5/7/2019 11:14 AM 25.41 15.95 0.00034 0.68505 
5/7/2019 11:15 AM 67.73 15.95 0.00091 1.82560 
5/7/2019 11:16 AM 104.15 15.95 0.00140 2.80730 
5/7/2019 11:17 AM 96.97 15.95 0.00131 2.61380 
5/7/2019 11:18 AM 109.10 15.95 0.00147 2.94097 
5/7/2019 11:19 AM 98.32 15.95 0.00132 2.65017 
5/7/2019 11:20 AM 36.59 15.95 0.00049 0.98618 
5/7/2019 11:21 AM 51.74 15.95 0.00070 1.39467 
5/7/2019 11:22 AM 46.24 15.95 0.00062 1.24639 
5/7/2019 11:23 AM 50.78 15.95 0.00068 1.36869 
5/7/2019 11:24 AM 37.83 15.95 0.00051 1.01968 
5/7/2019 11:25 AM 50.20 15.95 0.00068 1.35318 
5/7/2019 11:26 AM 63.54 15.95 0.00086 1.71278 
5/7/2019 11:27 AM 37.51 15.95 0.00050 1.01110 
5/7/2019 11:28 AM 50.68 15.95 0.00068 1.36602 
5/7/2019 11:29 AM 81.20 15.95 0.00109 2.18867 
5/7/2019 11:30 AM 85.80 15.95 0.00116 2.31291 
5/7/2019 11:31 AM 66.41 15.95 0.00089 1.79002 
5/7/2019 11:32 AM 60.97 15.95 0.00082 1.64341 
5/7/2019 11:33 AM 44.98 15.95 0.00061 1.21251 
5/7/2019 11:34 AM 43.93 15.95 0.00059 1.18408 
5/7/2019 11:35 AM 28.19 15.95 0.00038 0.75995 
5/7/2019 11:36 AM 37.38 15.95 0.00050 1.00754 
5/7/2019 11:37 AM 40.17 15.95 0.00054 1.08286 
5/7/2019 11:38 AM 65.16 15.95 0.00088 1.75630 
5/7/2019 11:39 AM 37.76 15.95 0.00051 1.01772 
5/7/2019 11:40 AM 41.86 15.95 0.00056 1.12826 
5/7/2019 11:41 AM 29.72 15.95 0.00040 0.80118 
5/7/2019 11:42 AM 40.99 15.95 0.00055 1.10477 
5/7/2019 11:43 AM 37.13 15.95 0.00050 1.00082 
5/7/2019 11:44 AM 48.54 15.95 0.00065 1.30849 
5/7/2019 11:45 AM 46.22 15.95 0.00062 1.24596 
5/7/2019 11:46 AM 26.33 15.95 0.00035 0.70963 
5/7/2019 11:47 AM 24.47 15.95 0.00033 0.65965 
5/7/2019 11:48 AM 42.01 15.95 0.00057 1.13252 
5/7/2019 11:49 AM 41.34 15.95 0.00056 1.11443 
5/7/2019 11:50 AM 41.33 15.95 0.00056 1.11395 
5/7/2019 11:51 AM 41.24 15.95 0.00056 1.11174 
5/7/2019 11:52 AM 24.89 15.95 0.00034 0.67088 
5/7/2019 11:53 AM 22.93 15.95 0.00031 0.61805 







5/7/2019 11:54 AM 53.98 15.95 0.00073 1.45515 
5/7/2019 11:55 AM 48.29 15.95 0.00065 1.30174 
5/7/2019 11:56 AM 38.25 15.95 0.00051 1.03110 
5/7/2019 11:57 AM 35.12 15.95 0.00047 0.94679 
5/7/2019 11:58 AM 48.02 15.95 0.00065 1.29439 
5/7/2019 11:59 AM 37.02 15.95 0.00050 0.99785 
5/7/2019 12:00 PM 27.93 20.07 0.00047 0.94729 
5/7/2019 12:01 PM 44.76 20.07 0.00076 1.51821 
5/7/2019 12:02 PM 42.12 20.07 0.00071 1.42873 
5/7/2019 12:03 PM 86.93 20.07 0.00147 2.94857 
5/7/2019 12:04 PM 102.07 20.07 0.00173 3.46212 
5/7/2019 12:05 PM 75.13 20.07 0.00127 2.54834 
5/7/2019 12:06 PM 109.35 20.07 0.00185 3.70883 
5/7/2019 12:07 PM 85.08 20.07 0.00144 2.88561 
5/7/2019 12:08 PM 41.31 20.07 0.00070 1.40114 
5/7/2019 12:09 PM 21.60 20.07 0.00037 0.73269 
5/7/2019 12:10 PM 25.73 20.07 0.00044 0.87267 
5/7/2019 12:11 PM 44.14 20.07 0.00075 1.49728 
5/7/2019 12:12 PM 41.55 20.07 0.00070 1.40921 
5/7/2019 12:13 PM 63.15 20.07 0.00107 2.14208 
5/7/2019 12:14 PM 80.81 20.07 0.00137 2.74105 
5/7/2019 12:15 PM 34.61 20.07 0.00059 1.17378 
5/7/2019 12:16 PM 31.58 20.07 0.00053 1.07107 
5/7/2019 12:17 PM 22.75 20.07 0.00039 0.77179 
5/7/2019 12:18 PM 40.99 20.07 0.00069 1.39033 
5/7/2019 12:19 PM 32.61 20.07 0.00055 1.10593 
5/7/2019 12:20 PM 13.82 20.07 0.00023 0.46886 
5/7/2019 12:21 PM 47.73 20.07 0.00081 1.61893 
5/7/2019 12:22 PM 4.68 20.07 0.00008 0.15859 
5/7/2019 12:23 PM 31.92 20.07 0.00054 1.08260 
5/7/2019 12:24 PM 13.01 20.07 0.00022 0.44144 
5/7/2019 12:25 PM 20.63 20.07 0.00035 0.69989 
5/7/2019 12:26 PM 27.28 20.07 0.00046 0.92544 
5/7/2019 12:27 PM 58.96 20.07 0.00100 1.99991 
5/7/2019 12:28 PM 73.18 20.07 0.00124 2.48204 
5/7/2019 12:29 PM 45.12 20.07 0.00076 1.53053 
5/7/2019 12:30 PM 111.81 20.07 0.00189 3.79257 
5/7/2019 12:31 PM 179.70 20.07 0.00304 6.09505 
5/7/2019 12:32 PM 115.56 20.07 0.00196 3.91974 
5/7/2019 12:33 PM 49.50 20.07 0.00084 1.67881 
5/7/2019 12:34 PM 45.76 20.07 0.00078 1.55207 
5/7/2019 12:35 PM 28.81 20.07 0.00049 0.97729 
5/7/2019 12:36 PM 19.86 20.07 0.00034 0.67368 
5/7/2019 12:37 PM 21.20 20.07 0.00036 0.71908 
5/7/2019 12:38 PM 5.67 20.07 0.00010 0.19242 
5/7/2019 12:39 PM 6.30 20.07 0.00011 0.21357 
5/7/2019 12:40 PM 36.20 20.07 0.00061 1.22768 







5/7/2019 12:41 PM 6.53 20.07 0.00011 0.22135 
5/7/2019 12:42 PM 4.33 20.07 0.00007 0.14698 
5/7/2019 12:43 PM 17.94 20.07 0.00030 0.60836 
5/7/2019 12:44 PM 37.45 20.07 0.00063 1.27021 
5/7/2019 12:45 PM 227.37 20.07 0.00385 7.71209 
5/7/2019 12:46 PM 325.97 20.07 0.00552 11.05629 
5/7/2019 12:47 PM 188.05 20.07 0.00319 6.37847 
5/7/2019 12:48 PM 208.89 20.07 0.00354 7.08527 
5/7/2019 12:49 PM 213.30 20.07 0.00361 7.23476 
5/7/2019 12:50 PM 321.49 20.07 0.00545 10.90434 
5/7/2019 12:51 PM 297.35 20.07 0.00504 10.08565 
5/7/2019 12:52 PM 76.92 20.07 0.00130 2.60908 
5/7/2019 12:53 PM 107.51 20.07 0.00182 3.64649 
5/7/2019 12:54 PM 167.75 20.07 0.00284 5.68976 
5/7/2019 12:55 PM 174.73 20.07 0.00296 5.92669 
5/7/2019 12:56 PM 138.43 20.07 0.00234 4.69529 
5/7/2019 12:57 PM 139.30 20.07 0.00236 4.72496 
5/7/2019 12:58 PM 323.30 20.07 0.00548 10.96565 
5/7/2019 12:59 PM 239.88 20.07 0.00406 8.13635 
5/7/2019 1:00 PM 165.74 22.56 0.00316 6.31891 
5/7/2019 1:01 PM 188.21 22.56 0.00358 7.17571 
5/7/2019 1:02 PM 223.45 22.56 0.00425 8.51924 
5/7/2019 1:03 PM 215.78 22.56 0.00411 8.22707 
5/7/2019 1:04 PM 281.80 22.56 0.00537 10.74407 
5/7/2019 1:05 PM 340.96 22.56 0.00649 12.99947 
5/7/2019 1:06 PM 212.41 22.56 0.00404 8.09853 
5/7/2019 1:07 PM 178.30 22.56 0.00339 6.79784 
5/7/2019 1:08 PM 226.83 22.56 0.00432 8.64815 
5/7/2019 1:09 PM 354.73 22.56 0.00675 13.52469 
5/7/2019 1:10 PM 448.93 22.56 0.00855 17.11603 
5/7/2019 1:11 PM 395.71 22.56 0.00753 15.08701 
5/7/2019 1:12 PM 225.34 22.56 0.00429 8.59124 
5/7/2019 1:13 PM 187.77 22.56 0.00358 7.15897 
5/7/2019 1:14 PM 177.27 22.56 0.00338 6.75883 
5/7/2019 1:15 PM 150.32 22.56 0.00286 5.73106 
5/7/2019 1:16 PM 176.61 22.56 0.00336 6.73345 
5/7/2019 1:17 PM 221.58 22.56 0.00422 8.44800 
5/7/2019 1:18 PM 197.67 22.56 0.00376 7.53655 
5/7/2019 1:19 PM 147.07 22.56 0.00280 5.60712 
5/7/2019 1:20 PM 45.66 22.56 0.00087 1.74075 
5/7/2019 1:21 PM 67.36 22.56 0.00128 2.56829 
5/7/2019 1:22 PM 1138.87 22.56 0.02168 43.42119 
5/7/2019 1:23 PM 334.76 22.56 0.00637 12.76316 
5/7/2019 1:24 PM 188.04 22.56 0.00358 7.16912 
5/7/2019 1:25 PM 217.18 22.56 0.00414 8.28037 
5/7/2019 1:26 PM 173.77 22.56 0.00331 6.62506 
5/7/2019 1:27 PM 151.18 22.56 0.00288 5.76404 







5/7/2019 1:28 PM 171.25 22.56 0.00326 6.52919 
5/7/2019 1:29 PM 112.12 22.56 0.00213 4.27477 
5/7/2019 1:30 PM 137.24 22.56 0.00261 5.23228 
5/7/2019 1:31 PM 124.98 22.56 0.00238 4.76489 
5/7/2019 1:32 PM 131.60 22.56 0.00251 5.01748 
5/7/2019 1:33 PM 133.87 22.56 0.00255 5.10393 
5/7/2019 1:34 PM 136.08 22.56 0.00259 5.18836 
5/7/2019 1:35 PM 173.90 22.56 0.00331 6.63007 
5/7/2019 1:36 PM 124.40 22.56 0.00237 4.74308 
5/7/2019 1:37 PM 157.59 22.56 0.00300 6.00841 
5/7/2019 1:38 PM 172.86 22.56 0.00329 6.59064 
5/7/2019 1:39 PM 223.34 22.56 0.00425 8.51522 
5/7/2019 1:40 PM 183.71 22.56 0.00350 7.00415 
5/7/2019 1:41 PM 183.87 22.56 0.00350 7.01024 
5/7/2019 1:42 PM 170.94 22.56 0.00325 6.51750 
5/7/2019 1:43 PM 173.30 22.56 0.00330 6.60736 
5/7/2019 1:44 PM 184.39 22.56 0.00351 7.03012 
5/7/2019 1:45 PM 186.12 22.56 0.00354 7.09598 
5/7/2019 1:46 PM 199.16 22.56 0.00379 7.59336 
5/7/2019 1:47 PM 208.97 22.56 0.00398 7.96729 
5/7/2019 1:48 PM 213.53 22.56 0.00407 8.14129 
5/7/2019 1:49 PM 203.87 22.56 0.00388 7.77276 
5/7/2019 1:50 PM 185.06 22.56 0.00352 7.05553 
5/7/2019 1:51 PM 159.97 22.56 0.00305 6.09895 
5/7/2019 1:52 PM 159.30 22.56 0.00303 6.07370 
5/7/2019 1:53 PM 176.22 22.56 0.00336 6.71882 
5/7/2019 1:54 PM 188.16 22.56 0.00358 7.17386 
5/7/2019 1:55 PM 197.49 22.56 0.00376 7.52949 
5/7/2019 1:56 PM 171.23 22.56 0.00326 6.52828 
5/7/2019 1:57 PM 171.12 22.56 0.00326 6.52408 
5/7/2019 1:58 PM 204.48 22.56 0.00389 7.79619 
5/7/2019 1:59 PM 200.50 22.56 0.00382 7.64446 
5/7/2019 2:00 PM 168.56 16.22 0.00231 4.62066 
5/7/2019 2:01 PM 175.77 16.22 0.00241 4.81816 
5/7/2019 2:02 PM 200.72 16.22 0.00275 5.50199 
5/7/2019 2:03 PM 342.11 16.22 0.00468 9.37772 
5/7/2019 2:04 PM 348.06 16.22 0.00476 9.54084 
5/7/2019 2:05 PM 271.04 16.22 0.00371 7.42965 
5/7/2019 2:06 PM 237.57 16.22 0.00325 6.51223 
5/7/2019 2:07 PM 196.77 16.22 0.00269 5.39384 
5/7/2019 2:08 PM 204.69 16.22 0.00280 5.61082 
5/7/2019 2:09 PM 162.14 16.22 0.00222 4.44464 
5/7/2019 2:10 PM 147.74 16.22 0.00202 4.04995 
5/7/2019 2:11 PM 166.22 16.22 0.00228 4.55652 
5/7/2019 2:12 PM 206.50 16.22 0.00283 5.66049 
5/7/2019 2:13 PM 163.37 16.22 0.00224 4.47825 
5/7/2019 2:14 PM 181.01 16.22 0.00248 4.96193 







5/7/2019 2:15 PM 240.42 16.22 0.00329 6.59044 
5/7/2019 2:16 PM 303.11 16.22 0.00415 8.30877 
5/7/2019 2:17 PM 289.43 16.22 0.00396 7.93374 
5/7/2019 2:18 PM 259.11 16.22 0.00355 7.10274 
5/7/2019 2:19 PM 228.35 16.22 0.00313 6.25946 
5/7/2019 2:20 PM 184.42 16.22 0.00252 5.05534 
5/7/2019 2:21 PM 152.92 16.22 0.00209 4.19189 
5/7/2019 2:22 PM 235.40 16.22 0.00322 6.45261 
5/7/2019 2:23 PM 279.85 16.22 0.00383 7.67115 
5/7/2019 2:24 PM 259.23 16.22 0.00355 7.10607 
5/7/2019 2:25 PM 260.75 16.22 0.00357 7.14776 
5/7/2019 2:26 PM 249.01 16.22 0.00341 6.82593 
5/7/2019 2:27 PM 254.08 16.22 0.00348 6.96465 
5/7/2019 2:28 PM 237.56 16.22 0.00325 6.51202 
5/7/2019 2:29 PM 197.66 16.22 0.00271 5.41820 
5/7/2019 2:30 PM 186.99 16.22 0.00256 5.12585 
5/7/2019 2:31 PM 181.79 16.22 0.00249 4.98332 
5/7/2019 2:32 PM 118.65 16.22 0.00162 3.25234 
5/7/2019 2:33 PM 61.66 16.22 0.00084 1.69020 
5/7/2019 2:34 PM 40.89 16.22 0.00056 1.12096 
5/7/2019 2:35 PM 7.63 16.22 0.00010 0.20927 


 












 


 


 


 
APPENDIX A 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 13, 2019)  
Investigation and Reporting 


 
Consent Decree Paragraph §20. A – Investigation and Reporting 


 
Per Paragraph 21: Control of Hydrocarbon Flaring and  Incidents “For future 
Hydrocarbon Flaring Incidents, Lion Oil shall follow the same investigative, 
reporting, and corrective action procedures as those outlined in Paragraphs 20.A 
- 20.B for Acid Gas Flaring Incidents; provided however, that in lieu of analyzing 
possible corrective actions under Paragraph 20.A.v and taking interim and/or 
long-term corrective action under Paragraph 20.B.i for a Hydrocarbon Flaring 
Incident attributable to the start up or shut down of a unit that Lion Oil has 
previously analyzed under this Paragraph 21, Lion Oil may identify such prior 
analysis when submitting the report required under this Paragraph 21.”   


 
i.  The date and time that the Acid Gas Flaring Incident started and ended. To 


the extent that the Acid Gas Flaring Incident involved multiple releases either 
within a twenty-four (24) hour period or within subsequent, contiguous, non-
overlapping twenty-four (24) hour periods, Lion Oil shall set forth the starting 
and ending dates and times of each release; 


 
Response:  


The Hydrocarbon Flaring Incident commenced on May 13, 2019, and lasted 
intermittently from approximately 0955 hours to 1117 hours on that same day. 


 


ii.   An estimate of the quantity of sulfur dioxide that was emitted and the 
calculations that were used to determine that quantity; 


 


 Response:  


Approximately 0.27 tons (~540 pounds) of sulfur dioxide was emitted during the 
Hydrocarbon Flaring Incident.  Appendix C of this response includes the 
calculation method specified under Paragraph 20.D of the Consent Decree to 
estimate this reported sulfur dioxide quantity.  


 
iii.  The steps, if any, that Lion Oil took to limit the duration and/or quantity of 


sulfur dioxide emissions associated with the Acid Gas Flaring Incident; 
 







 


Response:  
 El Dorado Refinery (EDR) Operations personnel responded in a safe manner 


consistent with minimizing the duration and emissions from the Incident.  
    


iv.  A detailed analysis that sets forth the Root Cause and all contributing causes 
of that Acid Gas Flaring Incident, to the extent determinable; 


  
Response:  
Appendix B of this response contains EDR’s analysis of the Root Cause and 
all contributing causes of the Hydrocarbon Flaring Incident. 


 
v.  An analysis of the measures, if any, that are available to reduce the likelihood 


of a recurrence of an Acid Gas Flaring Incident resulting from the same Root 
Cause or contributing causes in the future. The analysis shall discuss the 
alternatives, if any, that are available, the probable effectiveness and cost of 
the alternatives, and whether or not an outside consultant should be retained 
to assist in the analysis. Possible design, operation and maintenance 
changes shall be evaluated. If Lion Oil concludes that corrective action(s) is 
(are) required under Paragraph 20.B, the report shall include a description 
of the action(s) and, if not already completed, a schedule for its (their) 
implementation, including proposed commencement and completion dates. 
If Lion Oil concludes that corrective action is not required under Paragraph 
20.B, the report shall explain the basis for that conclusion; 


 
Response:  
Appendix B of this response contains EDR’s analysis of measures, if any, 
available and/or corrective actions necessary, if any, to reduce the likelihood 
of recurrence of a Hydrocarbon Flaring Incident resulting from the same 
Root Cause or contributing causes in the future.  


 
vi.  A statement that: (a) specifically identifies each of the grounds for stipulated 


penalties in Paragraphs 20.C.i and 20.C.ii of this Decree and describes whether 
or  not the Acid Gas Flaring Incident falls under any of those grounds; (b) if an 
Acid  Gas Flaring  Incident  falls under  Paragraph  20.C.iii of this  Decree, 
describes which Paragraph (20.C.iii.a or 20.C.iii.b) applies and why; and (c) if 
an Acid Gas Flaring Incident falls under either Paragraph 20.C.ii or Paragraph 
20.C.iii.b, states whether or not Lion Oil asserts a defense to the Flaring 
Incident, and if so, a description  of the defense; and 


 







 


 Response: 
EDR utilized best pollution control practices to minimize emissions.  Stipulated 
penalties are not applicable to Hydrocarbon Flaring Incidents.   


 
vii.  To the extent that investigations of the causes and/or possible corrective 


actions still are underway on the due date of the report, a statement of the 
anticipated date by which a follow-up report fully conforming to the 
requirements of this Paragraph 20.A.iv and 20.A.v shall be submitted; 
provided, however, that if Lion Oil has not submitted a report or a series of 
reports containing the information required to be submitted under this 
Paragraph within the 45 day time period set forth in Paragraph 20.A (or 
such additional time as EPA may allow) after the due date for the initial 
report for the Acid Gas Flaring Incident, the stipulated penalty provisions of 
Paragraph 49 shall apply, but Lion Oil shall retain the right to dispute, 
under the dispute resolution provision of this Consent Decree, any demand 
for stipulated penalties that was issued as a result of Lion Oil's failure to 
submit the report required under this Paragraph within the time frame set 
forth.  Nothing in this Paragraph shall be deemed to excuse Lion Oil from 
its investigation, reporting, and corrective action obligations under this 
Section for any Acid Gas Flaring Incident which occurs after an Acid Gas 
Flaring Incident for which Lion Oil has requested an extension of time under 
this Paragraph 20.B. 


 
Response:   


 The investigation into the cause of the Hydrocarbon Flaring Incident, 
detailed in the Root Cause Analysis required under Paragraph 20.A.iv and 
provided in Appendix B of this response, has been identified and hereby 
submitted within the 45-day time period following the Hydrocarbon Flaring 
Incident. 


 
viii. To the extent that completion of the implementation of corrective action(s), 


if any, is not finalized at the time of the submission of the report required 
under this Paragraph, then, by no later than thirty (30) days after completion 
of the implementation of corrective action(s), Lion Oil shall submit a report 
identifying the corrective action(s) taken and the dates of commencement 
and completion of implementation. 


 
Response:  
As of the date of this report, EDR has completed the implementation of the 
corrective action identified in the Root Cause Analysis, as described in 
Appendix B.  


 
 


 







APPENDIX B 


Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident  


(May 13, 2019)  
Investigation and Root Cause 


 
 
Incident Site: 
 


Delek US – El Dorado Refinery,  
El Dorado, Arkansas 


Incident 
Type:  


Hydrocarbon 
Flaring  


Incident Start 
Date: 


May 13, 2019 Time: ~ 0955 hours 


Incident End 
Date: 


May 13, 2019 Time:  ~ 1117 hours 


Investigation 
Start Date: 


May 13, 2019 
Incident 
Duration: 


27 minutes* 


Pollutant:  SO2 Emissions Limit: 500 lbs/day lbs:  ~ 540 tons: 0.27 
*Note: Please reference the following table for information about the event times and associated 


source. 
 


Dates Times 
Duration 
(minutes) 


Source Name / Source 
Number 


5/13/2019 0955-1117 hours^ 27 HP Flare (SN-822) 
^Note:  Intermittent hydrocarbon flaring occurred during this time period. 
 


Investigation Team Members: Title: 
1. Jeff Carr Operations Manager (Acting) 
2. Daniel Simpson Unit Supervisor 
3. Eric Gonzalez PSM Manager 
4. Alex Hulsey Environmental Specialist 


 
 
Incident Date, Time, & Emissions: 
 
On May 13, 2019, High Pressure (HP) Flare (Emission Source Number SN-822) emissions 
associated with this hydrocarbon (HC) flaring incident commenced at approximately 0955 hours 
and occurred intermittently until 1117 hours later that same day.  During this period, the El Dorado 
Refinery (EDR) released approximately 540 pounds (0.27 tons) of sulfur dioxide (SO2) emissions 
based on the equations presented in the Consent Decree for determining SO2 releases from HC 
flaring.  The initial investigation of this incident commenced on May 13, 2019.   
 
 
 
 
 







Appendix B 
Lion Oil Company dba Delek US El Dorado Refinery 
Hydrocarbon Flaring Incident (May 13, 2019) 
Investigation and Root Cause 
 
 
Investigation and Analysis: 
 
On May 13, 2019, at approximately 1050 hours the Gas Oil Hydrotreater (GOHT) experienced a 
loss of primary containment (LOPC) in the reactor piping circuit.  The operators brought the unit 
to a safe state using the emergency operating procedures which included de-pressuring the unit to 
the HP Flare system. 
 
The investigation began immediately following the event.  It was discovered that a nitrogen utility 
hose remained connected to the GOHT Reactor outlet piping via a bleeder valve.  The utility hose 
failed causing the LOPC and subsequent HP flaring event.  
 
Root Cause: 
    
Less than adequate pre-startup inspection, specifically regarding utility hose connections. 
 
Recommendation(s) to prevent incident reoccurrence: 
 


 


Item 
Responsible 


Party 
Title 


Date 
Started 


Date 
Completed 


  Formalize the Pre-Startup 
Readiness Procedure and Pre-
Startup Safety Review (PSSR) 


checklist.  Include specifically an 
item for utility hose to process 


connections. 


Eric 
Gonzalez 


PSM Manager 
 


6/3/19 6/19/19 







APPENDIX C 
Lion Oil Company dba Delek US El Dorado Refinery 


Hydrocarbon Flaring Incident 
(May 13, 2019) 


Emissions Quantity 
 


Event Overview 


Total Amount of 
SO2 (tons) 


High Pressure Flare (SN-822) 0.27 


Event (Total) ~ 0.27 


Average SO2 
Emission Rate 


(lb/hr) 


High Pressure Flare (SN-822) 1202.16 


Event (Total) 1,202.16 


 
 
The event data that populated the table above is as follows for the High Pressure Flare (SN-822). 
 


High Pressure Flare (SN-822) 


Date/Time 


Flare 
Volumetric 


Flow 


H2S 
Content 


Amount of SO2 Emission Rate 


scfm % tons/min lb SO2/min 
Source of Data: PI Lab Calculation Calculation 


5/13/2019 9:55 AM 32.05 3.65 0.00010 0.19773 


5/13/2019 9:56 AM 1109.22 3.65 0.00342 6.84221 
5/13/2019 9:57 AM 488.16 3.65 0.00150 3.01121 
5/13/2019 9:58 AM 2.76 3.65 0.00001 0.01700 


5/13/2019 10:23 AM 0.29 4.76 0.00000 0.00236 
5/13/2019 10:24 AM 143.72 4.76 0.00058 1.15615 
5/13/2019 10:25 AM 155.66 4.76 0.00063 1.25223 
5/13/2019 10:26 AM 153.00 4.76 0.00061 1.23081 
5/13/2019 10:27 AM 1.77 4.76 0.00001 0.01427 
5/13/2019 11:00 AM 120.23 4.76 0.00048 0.96721 
5/13/2019 11:01 AM 3894.64 4.76 0.01565 31.33005 
5/13/2019 11:02 AM 3674.59 4.76 0.01476 29.55988 
5/13/2019 11:03 AM 3592.53 4.76 0.01443 28.89978 
5/13/2019 11:04 AM 3553.58 4.76 0.01428 28.58639 
5/13/2019 11:05 AM 3557.19 4.76 0.01429 28.61542 
5/13/2019 11:06 AM 3631.24 4.76 0.01459 29.21113 
5/13/2019 11:07 AM 3494.38 4.76 0.01404 28.11015 
5/13/2019 11:08 AM 3270.94 4.76 0.01314 26.31276 
5/13/2019 11:09 AM 2749.74 4.76 0.01105 22.11998 







5/13/2019 11:10 AM 2560.00 4.76 0.01028 20.59365 
5/13/2019 11:11 AM 8529.18 4.76 0.03427 68.61216 
5/13/2019 11:12 AM 13633.15 4.76 0.05477 109.67055 
5/13/2019 11:13 AM 4744.52 4.76 0.01906 38.16681 
5/13/2019 11:14 AM 1332.96 4.76 0.00536 10.72287 
5/13/2019 11:15 AM 1173.35 4.76 0.00471 9.43890 
5/13/2019 11:16 AM 1111.59 4.76 0.00447 8.94206 
5/13/2019 11:17 AM 918.71 4.76 0.00369 7.39045 


 









